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Sustainability Chapter 4

This chapter examines sustainability issues for Australia’s major cities in two parts: climate 
impacts; and residential and transport energy use.

In recent years, heatwaves, floods, fires and storms have occurred more frequently in many 
cities. This chapter looks at some of these recent events and what our major cities are doing 
to adapt and prepare for them. Continuing from previous State of Australian Cities reports, 
this chapter also looks at the critical issue of heat in cities. The chapter features examples of 
adaptation strategies such as increasing the amount of vegetation in the built environment.

This chapter discusses urban energy use with a focus on the residential and transport sectors’ 
energy consumption. Households in our major cities are becoming more energy efficient, but 
population growth and the increasing number of one and two person households have led to 
overall emissions rising. This chapter’s analysis of residential energy use considers the different 
sources and uses of energy in city households, including heating, cooling and appliances. 
Transport is a major consumer of energy in Australian cities. This chapter also examines the 
energy efficiency and greenhouse gas emissions of different types of urban transport.

The energy consumed in Australia’s cities is a major element of the country’s natural resource 
consumption; it continues to stand out as one of our major long-term sustainability issues. 
While the United States and Europe show signs of levelling-off per capita energy use (and 
hence emissions), according to some sources, Australia shows no clear signs of a long-term 
trend (1971–2009) in that direction. Our energy use and emissions have both climbed along 
with per capita GDP (International Energy Agency 2011 p.13). Much of this growth has been 
driven by energy-intensive and emission-intensive exports rather than domestic consumption 
but, as industry energy intensity has recently been reducing, the role of household energy 
use is becoming important in seeking to reduce emissions. 

Waste is another key measure of sustainability considered in this chapter. The focus is on 
organic waste production and recycling (including e-waste) and the value of waste. 

Key findings

Heat
• Based on current trends, heat-related deaths in Australian cities, especially Perth and 

Brisbane, are predicted to increase.

• Policy responses to previous heat events were tested during the record-breaking summer 
of 2012–13, when Australia registered the hottest September to March period on record, 
the hottest summer on record, the hottest month on record and the hottest day on record 
and the longest national-scale heatwave. It was also the hottest summer on record for 
Australian sea-surface temperatures.
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• Despite these records, most Australian cities did not exceed their long-term average 
highest monthly maximum and minimum temperatures during the summer months 
of 2012–13. There were also significant differences in rainfall, particularly between 
Queensland coastal cities (many of which received record rainfall) and southern cities 
(some of which received hardly any rain during this period).

• The Bureau of Meteorology has developed an improved method of recording and 
predicting heat events. These can now be compared and mapped using the ‘excess 
heat factor’ (EHF) measure. 

• The liveability of Australia’s cities will be affected by how their sustainability is managed. 
Many cities are making significant progress in introducing areas of vegetation (including 
plants, trees, open green spaces and even forests) at various scales across cities – from 
buildings to districts and metropolitan regions – to reduce the Urban Heat Island UHI 
effect and thereby increase liveability and reduce energy use.

Household energy
• Since 2008, residential energy use has accounted for 12 per cent of the nation’s total 

consumption.

• Energy demand for space heating and cooling is projected to increase in the coming 
decades. Factors influencing increased demand include houses with the largest average 
floor areas in the world, the decreasing occupancy rate of dwellings and the increasing 
use of whole-house heating and cooling systems.

• Airconditioner use in the residential sector has increased significantly. Ownership of 
airconditioning units almost doubled between 1994 and 2004, rising from an average of 
0.395 units to 0.762 units per household. This is projected to increase even further. The 
rapid growth in air conditioner ownership has effectively negated energy consumption 
reductions gained by improved efficiency over the same period.

• Appliances account for 23 per cent of Australia’s residential sector energy consumption, 
with electricity being the predominant power source. Attempts to reduce appliance-related 
energy consumption by the residential sector have focused on achieving greater product 
efficiency. The overall gains from these efficiency initiatives have, however, been offset by 
the increased number and variety of appliances in homes.

Transport energy
• Nearly 40 per cent of total national energy use is spent moving people and freight. The 

transport sector uses 73 per cent of Australia’s total liquid fuel, with over half of that being 
used by road transport.

• The transport sector also contributes the largest proportion of average household 
carbon dioxide (CO2) emissions, at almost 42 per cent. Light passenger vehicle use alone 
accounts for 35 per cent of Australia’s average household emissions, by far the largest 
overall component of the transport sector’s emissions.

• Energy use in light passenger vehicles is relatively well documented. There is less 
publicly available information for mass transit systems, particularly taking into account 
occupancy rates. The potential energy efficiency savings of urban mass transit systems 
are considerable; however, further information in this area will be needed to inform public 
policy decisions.
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Waste
• Australia generated 54 million tonnes of waste in 2009–10: 47 per cent of this was 

recovered domestically, 46 per cent went to landfill and the remaining seven per cent 
was exported.

• Waste worth $2.4 billion was one per cent of Australia’s exports in 2011–12: 82 per cent 
of this was ferrous metals, gold, copper and aluminium.

• Australia’s waste management industry has been valued at $9.5 billion annually, with 
income from waste products valued at $4.5 billion annually.

Heat

Understanding the human impact of heatwaves
Major heatwaves are Australia’s deadliest natural hazards, particularly for cities. Major 
heatwaves have caused more deaths since 1890 than bushfires, cyclones, earthquakes, 
floods and severe storms combined (Table 4-1). As discussed in State of Australian Cities 
2011, the 2009 heatwave endured by south east Australia caused over 400 deaths in 
Melbourne and Adelaide alone and more than 400 people perished in each of the 1939 and 
1895 heatwaves.

Table 4-1 Estimated deaths from natural disasters and epidemics in Australia,  
  1890–2013

Bushfire 
and  

urban fire Cyclone Earthquake Epidemic Flood

Hail, severe 
storm, 

tornado Heatwave

No. of 
events with 
fatalities

75 37 1 11 66 69 29

No. of 
deaths

843 935 13 10,375 453 124 2,887

Source:  Australian Emergency Management Institute 2013

Various climate change scenarios for Australia show that heatwaves are predicted to 
increase in frequency, geographic spread and duration. Pricewaterhouse Coopers undertook 
a study in collaboration with the Australian Government using excess heat factor (EHF) to 
forecast heatwave impacts. The results are summarised in Figure 4-1, which shows that 
heatwave-related deaths (from major heatwave events) in Australia’s cities are predicted to 
more than double in the next 40 years as a result of climate change, population growth and 
an ageing population (Pricewaterhouse Coopers 2011).

Studies have found that those at high risk from heatwaves include the elderly (Hansen et 
al. 2011), people who live alone (Zhang et al. 2013), the socially disadvantaged such as 
those on lower incomes or the homeless (CSIRO 2011) and those with underlying medical 
conditions (Nitschke et al. 2011). With our ageing population, heat vulnerability will increase: 
Chapter 5 of this report notes that by 2056 most capital cities, with the exception of Darwin, 
are estimated to have at least 19 per cent of their populations aged over 65.
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People living in cities, particularly those in Australia’s inland cities, can be more susceptible 
than non-urban dwellers to the effects of heatwaves as a result of the urban heat island 
(UHI) effect. This is caused by the prevalence in cities of heat-absorbing materials such as 
dark coloured pavements and roofs, concrete, urban canyons trapping hot air, and a lack 
of shade and green space in dense urban environments. It can result in substantially higher 
average temperatures (particularly overnight) than surrounding non-urban areas (VCOSS 
2013). Heatwaves also affect cities by causing blackouts and accelerating the ageing of 
infrastructure (CSIRO 2011).

Figure 4-1 Estimated annual average number of heat-related deaths, selected  
  capital cities and States/Territories, 2011–2050

Note:  Population growth alone would account for a significant proportion of these “top Heat Event” related deaths.
Source:  Pricewaterhouse Coopers (2011), p. 30

Following recent heatwaves in Australia, governments have taken action to increase 
heatwave preparedness and mitigate impacts. In November 2011 New South Wales 
published its State Heatwave Subplan (NSW Government 2011), part of the NSW 
State Disaster Plan. In December 2012 Western Australia released its State Emergency 
Management Plan for Heatwave (Department of Health Western Australia 2012). Since 
2009 the Victorian Government has developed a heatwave plan and a heat alert system. It 
has also provided funding to help councils prepare plans, with guidance from the Victorian 
Government’s 2012 Heatwave Planning Guide and the Heatwave Plan Review Tool 
(Department of Health (Vic) 2012). The City of Greater Geelong and the municipalities of 
Swan Hill and Frankston now have plans in place.
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In South Australia, government agencies have developed the Extreme Heat Operational 
Plan (SA Health 2013), which seeks to reduce the harmful effects of extreme heat on the 
community by:

• ensuring a planned, managed, and effective response to a heatwave;

• providing a coordinated SA Health communication plan; and

• promoting community resilience and adaptation. 

The Operational Plan provides information on coping with heat stress and ensuring that 
vulnerable individuals, such as those with mental health issues, are provided with support.

Research to map the vulnerability of cities to heat has been undertaken by the National 
Climate Change Adaptation Research Facility (NCCARF), Monash University and the CRC 
for Water Sensitive Cities (Loughnan et al. 2013). The CRC has developed a public mapping 
application overlaying Google Earth images with measures of heat vulnerability for Australia’s 
capital cities (see www.mappingvulnerabilityindex.com).

NCCARF has also published research on the vulnerability of low-income households to heat 
in various capital cities, finding connections between parts of the outer urban areas of those 
cities and lower wealth and exposure to excess heat (Barnett et al 2013). 

The Australian Government Department of Industry, Innovation, Climate Change, Science, 
Research and Tertiary Education released a paper in 2013 titled Climate adaptation outlook: a 
proposed National Adaptation Assessment Framework (see http://www.climatechange.gov.
au/climate-change/adapting-climate-change/climate-adaptation-outlook). The proposed 
framework will allow governments, businesses and communities to assess national progress 
in climate change adaptation. Its aim is to help understand how well Australia is adapting to 
the impacts of climate change in terms of drivers, activities, and outcomes. The Department 
will consult with stakeholders about the proposed framework in the second half of 2013.

Internationally, the Carbon Disclosure Project in June 2013 released its Wealthier, healthier 
cities report (see http://carbondisclosureproject.net). The report analyses a 2013 survey of 
110 ‘global cities’, including Melbourne and Sydney, looking at how climate change action is 
improving the health and wealth of cities. Key findings include: 

• half of the city-wide greenhouse gas emissions-reduction actions that cities undertake 
improve efficiency

• 62 per cent of these actions have the potential to attract investment

• 55 per cent of the cities surveyed are undertaking emissions-reduction actions that 
promote walking and cycling. 

Measures have also been developed to better anticipate heatwave incidents and improve 
understanding of the effects on communities. The Bureau of Meteorology (BOM) has defined 
and mapped the intensity of heatwaves using the new heatwave measure Excess Heat 
Factor (EHF). This is explored in the following feature article.

www.mappingvulnerabilityindex.com
http://www.climatechange.gov.au/climate-change/adapting-climate-change/climate-adaptation-outlook
http://www.climatechange.gov.au/climate-change/adapting-climate-change/climate-adaptation-outlook
http://carbondisclosureproject.net
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Heatwaves – Australia’s most dangerous natural hazard
Contributed by John Nairn of the South Australian office of the BOM

Heatwaves are a familiar feature of the Australian landscape, yet only recently has there 
been a reliable way of recording and predicting them. They are caused by slow-moving 
high pressure systems where air circulates across a hot and dry surface of land, building 
a pool of increasingly hot air (as shown in Figure 4-2).

Figure 4-2 Adelaide heatwave air movements, March 2008

Note:  Five-day backward trajectories (i.e., air-flow paths that arrive at Adelaide at the chosen times) calculated 
using the HYSPLIT trajectory model on ACCESS fields. The back-trajectories are from the city of Adelaide. 
Starting times are for 10 March 2008 and 14 March 2008. Trajectories are shown at hourly intervals for air 
ending over Adelaide at those times at the 850 hPa level (blue) and for the 700 hPa level (green). 

Source:  McBride et al. 2009

Heatwaves are generically defined as excess heat events lasting at least three consecutive 
days. They can be particularly stressful when combined with another form of heat excess. 
This occurs when a relatively sudden temperature change requires rapid adjustments in 
natural or engineered systems to manage the excess heat. There is a significant difference in 
impact between a heatwave that arrives after a spell of relatively high temperatures and one 
that develops suddenly after a milder period. Abnormally high temperatures expose systems 
to levels of heat for which they are not designed. For vulnerable people such as the elderly 
or very young children, this can be challenging, particularly if health facilities, emergency 
agencies and power and transport networks are not prepared for the conditions.
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Research shows that high levels of individual stress can occur following a season of 
heatwaves if temperatures become exceptionally high over a prolonged period. This 
occurred in France in 2003, when 15,000 people died suddenly at the end of a long hot 
summer. This and other extreme heat events can now be compared and discussed using 
the EHF. The heatwave illustrated in Map 4-1 is a snapshot of the levels of EHF severity that 
occurred over south-east Australia for the three-day period starting on 28 January 2009. 
This extreme heatwave accounted for over 400 deaths, mostly in Melbourne and Adelaide. 

Map 4-1 Areas of Australia with positive EHF, 28–30 January 2009

Note:  Areas with positive EHF for the period 28–30 January 2009 as mapped for incidence of heatwave and level 
of severity. The contour band “Severe L1 Heatwave” indicates EHF values between one and two times the 
EHF severity threshold, while the contour band “Severe L2 heatwave” indicates EHF values between two 
and three times the EHF severity threshold, and so on.

Source:  BOM 2013

Being able to forecast the slow-moving weather systems associated with heatwaves well 
ahead of their arrival is key when it comes to preparing authorities and communities. 
This is why the Bureau of Meteorology (BOM) seeks to continually improve its seasonal, 
multi-week and seven-day forecasts, as well as its work in defining, understanding, 
tracking and recording heatwave events. 

Central to the EHF measure is a consistent definition of heatwave. Until now, there has 
not been a single heatwave definition that can enable a useful comparison of heatwaves 
across Australia or, indeed, the world. The EHF measure makes it possible to map the 
severity of past and future heatwave as experienced by different communities. From Alice 
Springs to Hobart, the intensity of heatwaves can be mapped in a way that is relevant for 
each community.
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Each point on EHF heatwave maps represents a temperature range that is familiar to the 
community at that location. When temperatures exceed the top of this familiar range, local 
people and infrastructure are affected by heat stress. What is considered a heatwave in 
one location can be a manageable level of heat for another. 

Mapping heatwave data this way also offers opportunities for international cooperation. 
Heatwaves in both the southern and northern hemispheres can now be compared, 
allowing us to learn from one another’s experiences and to share strategies for responding 
to these increasingly frequent events. 

The science behind EHF maps of heatwave severity is under review and is likely to 
form the basis for a future national heatwave warning service, helping agencies and the 
community understand the relative intensity of a forecast heatwave. 

For more information on EHF, see the Pricewaterhouse Coopers report Protecting human 
health and safety during severe and extreme events: a national framework, available at 
http://www.pwc.com.au. 

Extreme weather in 2012–13
Previous State of Australian Cities reports highlighted climate change-related weather 
events, including increased drying and heatwaves in southern and parts of inland Australia. 
Australia’s governments and research community are taking these issues seriously. 
The Cooperative Research Centre for Water Sensitive Cities has a research budget of 
$100 million and is funded until 2021. Australia’s southern cities have experienced droughts 
in the past. However, population growth and associated increased demand for water puts 
pressure on water supplies. Any worsening of drought duration and frequency (as predicted 
by some climate change modelling) would necessitate radical changes to buildings, industry, 
and urban landscapes in order to maximise water capture, reuse and efficiency measures 
(Kenway et al. cited in Risbey 2011). 

In the next few decades, climate change (as opposed to short-term weather variability) 
is expected to increase the pressure on already stressed urban water resource systems 
in Australia’s southern cities. While the probability of major climate change-related events 
occurring is lower in the short term, the stresses caused by incremental climate change such 
as more frequent heatwaves and droughts, may bring greater risks and costs for some cities, 
particularly those already using water resources to capacity. 

Events such as the record-breaking heatwave of 2012–13, which occurred only three years 
after the previous extreme heat event affecting southern Australia, affect urban water storage 
inflows via reduced rainfall and increased evaporation and increase domestic, horticultural 
and agricultural demand.

In 2012–13 Australia registered the warmest September to March period on record, the 
hottest summer on record, the hottest month on record, the hottest day on record and the 
longest national-scale heatwave. It was also the hottest summer on record for Australian 
sea-surface temperatures (BOM 2013a).

The Climate Commission’s The Angry Summer report addressed questions about the 
influence of climate change on the extreme summer weather of 2012–13. It highlighted that, 
in three months, 123 weather records were broken across Australia, including the hottest 
January, the hottest summer, and the hottest day on record for Australia as a whole. The 

http://www.pwc.com.au
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Climate Commission places the extreme events of summer 2012–13 in the context of a 
climate that is warmer and moister than 50 years ago, which influences the nature, impact 
and intensity of extreme weather events. It concludes that the summer of 2012–13 shows 
that climate change is already affecting Australians and that it is highly likely that extreme hot 
weather will become even more frequent and severe.

According to Salby (2013), however, the mean temperature for Australia in January 2013 
was not unprecedented, being about one standard deviation above the average January 
temperature. The anomalous summer temperatures of 2012–13 are within the range of other 
warm periods in the past 30 years. 

The following section is an abridged version of the BOM Special Climate Statement 43 
– extreme heat in January 2013, available from http://bom.gov.au/climate/current/
statements/scs43e.pdf. 

BOM Special Climate Statement 43
The start of 2012 saw cooler and wetter conditions, which by the end of the year shifted 
to warmer and drier conditions. The Australian area-averaged mean temperature for 
2012 was 21.9°C, which, at 0.1°C above the 1961–90 average of 21.8°C, ranks near the 
median of observations. Nationally, winter minimum temperatures were the 11th-coolest 
on record, 0.86°C below average. Despite this, the last decade (2003–12) remains one 
of Australia’s warmest. In terms of mean temperature, cooler-than-average conditions 
predominated in northern and eastern Australia while Tasmania, the mainland’s southern 
coast and the south-western half of Western Australia (WA) experienced above-average 
temperatures (BOM 2013b).

The 2012–13 heatwave event saw Australia experience its hottest summer on record 
and the hottest January on record. It included the hottest day on record for Australia 
as a whole and, for the first time, seven consecutive days with maximum temperatures 
over 39°C for Australia as a whole. The previous record-breaking nationwide heatwave 
occurred in 1972–73. However, the most extreme aspects of the 1972–73 heatwave were 
confined to inland areas, whereas in late 2012 and early 2013 every capital city except 
Brisbane and Darwin reached 40°C at least once during the heatwave. Particular features 
of the 2012–13 heatwave were the wide spatial extent of high temperatures and how 
long it lasted, particularly in inland areas. Some weather stations experienced well above 
average temperatures on most days over a period of three weeks or more. These two 
factors created a vast bubble of very hot air over central Australia which affected southern 
and eastern cities. The only large areas over which significant temperature extremes did 
not occur were the northern tropics, the west coast of WA from Perth northwards, and 
coastal Queensland.

Map 4-2 illustrates the highest maximum temperatures across Australia during the 
heatwave in January 2012. In December 2012 the heat began with a build-up of extreme 
temperatures in the south-west of WA from 25 to 30 December 2012 which then moved 
eastward. By 4 January 2013 the high-pressure system had moved off eastern Australia, 
with northerly winds directing very hot air into south-east Australia, while southerly winds 
eased temperatures in WA. The most extreme day of the event in Tasmania and coastal 
areas of Victoria and South Australia was 4 January. In Hobart, the maximum was 41.8 °C, 
the highest on record. On 4 January Adelaide reached 45°C for only the fourth time in its 
history; it also had temperatures above 40°C on 3, 7 and 17 January.

http://bom.gov.au/climate/current/statements/scs43e.pdf
http://bom.gov.au/climate/current/statements/scs43e.pdf


• 196 •

Department of Infrastructure and Transport • Major Cities Unit

Map 4-2 Highest maximum temperature, 1–18 January 2013

Source:  BOM 2013

Southern coastal areas of Australia cooled from 5 January onwards, but areas of intense 
heat lingered inland over eastern SA and the southern half of New South Wales (NSW) 
until 8 January, when the heat extended to coastal NSW with temperatures widely 
exceeding 40°C from Sydney southwards, and fire danger reaching catastrophic levels 
in parts of the State’s southern inland. Conditions cooled temporarily in the eastern 
States after 8 January. Meanwhile, WA saw a second wave of record-breaking heat on 
8–10 January as a second high pressure system moved into the Great Australian Bight 
directing hot easterly winds into the State. 

Intense heat from the interior of Australia moved east again on 11 January, with the most 
extreme heat occurring on the weekend of 12–13 January. Temperatures exceeding 
48°C were recorded at numerous locations in north-western NSW, north-eastern SA 
and western Queensland. Overnight minimum temperatures were also very high, with 
Bedourie (Queensland) falling to only 34.1°C on 14 January – the highest in Queensland 
since 2006. North-westerly winds brought a final phase of extreme heat to SA and 
Victoria on 17 January and NSW on 18 January. Conditions were particularly extreme 
on the coast and adjacent ranges of central and southern NSW. Sydney’s longstanding 
record high temperature (since 1939) was broken by 0.5°C when it reached 45.8°C at 
Observatory Hill at 2.55pm on 18 January and 46.1°C at Bankstown; Parramatta reached 
41.3°C on 8 January and 45.5°C on 18 January. According to the Sydney Morning 
Herald (19 January 2013) more than 220 people were treated for heat exposure by late 
afternoon on 18 January. 



• 197 •

Chapter 4 Sustainability • State of Australian Cities 2013

It is interesting to observe the strong temperature moderating effect of a large water 
body such as Sydney Harbour, illustrated in Figure 4-3. The figure also shows that on 
this record breaking day in Sydney, the inland centre of Parramatta was cooler during the 
early hours of the morning, and conversely did not enjoy the benefits of the afternoon cool 
change until about two hours after the city and airport. It is also noteworthy that Sydney 
Airport, despite being on the coast with few tall buildings around it to create a heat island 
effect, is nevertheless much warmer overnight and is not cooled as much as the city by 
the afternoon cool change. This could in part be due to the minimal green space and large 
amount of tarmac which absorbs and re radiates heat. The Section later in the chapter on 
greening the built environment explores this further.

Figure 4-3 Twenty-three-hour temperature readings at various weather  
  stations around Sydney, 18 January 2013

Source:  BOM

Numerous other records were broken during the 2012–13 heatwave: 

• Newcastle reached 42.5°C

• Canberra reached 42.0°C

• four other major cites experienced maximum temperatures in the forties 

• Geelong experienced 42.2°C on 4 January

• Melbourne reached 41.1°C on 4 January and 40.8°C on 17 January

• Wollongong Airport reached 43.1°C on 8 January and 45.8°C on 18 January. 

• Albury-Wodonga had the longest consecutive run of extreme heat of any major city 
in January 2013, experiencing maximum temperatures above 40°C on 4, 5, 6 and  
7 January and again on 18 January, when it peaked at 43.4°C. 
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Despite the spikes of high daily temperatures during the summer of 2012–13, some 
southern cities did not experience average maximum temperatures significantly above 
the long-term mean. Sydney, for example, reached 32°C or above on just three days.

In terms of overnight minimum temperature, Albury-Wodonga had three consecutive 
nights when the minimum temperature did not drop below 21°C. Hobart had its warmest 
January night on record, dropping to only 23.4°C on 4 January, although its average 
minimum for January 2013 was below the highest monthly mean for all years (14°C). 
Sydney’s Observatory Hill had the longest run of minimum temperatures above 20°C of all 
southern major cities: nine nights between 5 and 13 January and 12 consecutive nights 
between 17 and 28 January. This is significantly more hot nights than western Sydney 
locations such as Parramatta and Bankstown, although Sydney’s average minimum 
temperature for the month of January 2013 of 20.5°C is below the highest monthly mean 
for all years of 21.0°C. Bankstown’s and Parramatta’s highest monthly mean minimums for 
January were up to one degree cooler than Sydney’s. Newcastle’s minimum temperature 
dropped below 20°C on only five nights during January. Such relatively long sequences 
of above-average minimum temperatures – exceeded only by Queensland’s major cities 
and Darwin, which have higher average minimums – have serious health implications for 
populations not acclimatised to such conditions.

In most of Australia, the main part of the 2012–13 heatwave ended on 19 January as 
southerly winds cooled the southern states and tropical moisture from a late-developing 
monsoon moderated conditions further north. January 19 was the first day since 
31 December 2012 that it did not reach 45°C somewhere in Australia, with above-normal 
temperatures becoming confined to the southern half of Queensland.

Other extreme weather events that occurred in the summer of 2012 were the floods 
in coastal Queensland. Tropical Cyclone Oswald weakened into a tropical low-pressure 
system that moved slowly south inland of the coast from 22 January 2013, finally 
dissipating offshore near Sydney on 29 January (Climate Commission 2013a). On 
28 January the system caused extremely heavy rain over the Gold Coast hinterland and 
the NSW border ranges, with the Gold Coast breaking its record for highest one-day total 
rainfall, receiving 319 millimetres according to BOM observations (Map 4-3). In addition to 
the rain, the system brought strong winds and storm surges, high waves and tornadoes, 
which caused significant damage to property in urban areas. On 26 January damaging 
tornadoes hit Bundaberg and other coastal Queensland towns. Tornadoes also hit the 
Kiama area south of Wollongong on 24 February, damaging approximately 170 houses. 
Tornadoes also occurred in the Rutherglen area of Victoria on 21 March, hospitalising at 
least 20 people. Map 4-3 shows rainfall levels across Australia from 22–29 January 2013.
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Map 4-3 Australian rainfall, 22–29 January 2013

Source:  BOM 2013
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Increasingly warm weather also affects winter temperatures. Frost formation is affected by a 
series of factors including cloud coverage, humidity, surface winds, topography and location. 
In Australia, frost is more likely to form under a clear sky, with low humidity and light surface 
winds (BOM 2013c). Frost has a major influence on agricultural production because of its 
effects on the timing of planting and harvesting. The decreasing number of frost nights, 
as illustrated by Map 4-4, while indicative of warming average temperatures, may help 
increase agricultural productivity. It may also help increase the productivity of peri-urban 
agriculture around Australia’s southern cities, as examined in State of Australian Cities 2012. 
Map 4-4 shows not all cooler areas of Australia are experiencing a decrease in the number 
of frost nights. The Climate Commission (2013, p. 23) attributes this to reduced cloud cover 
associated with a decrease in rainfall.

Map 4-4 Trend in the numbers of frost nights (days per decade) in selected  
  Australian locations, 1970–2012

Note:  Blue dots represent an increase in the average number of nights with frost and orange dots represent a 
decrease. The size of the dots indicate the number of nights changed.

Source:  BOM 2013

The following graphs of Australia’s major cities’ average temperatures each contain three 
sets of comparative data. The horizontal axis shows temperature and rainfall observations 
for December 2012, January 2013 and February 2013. This data is in pairs: the left-hand 
set of data shows actual data for the month and the right-hand set of data shows the 
averages for that month (‘All years’). Within the right-hand dataset are two types of average 
temperatures: the average maximum and minimum temperatures for a given month, and 
the highest average maximum and minimum temperatures for that month (‘historic high’ 
average). The latter are represented by short bars, the former by triangles. Rainfall figures are 
represented by circles. The total rainfall for each month is represented by solid blue circles, 
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and the long-term average rainfall for that month is represented by open orange circles. 
Some key points illustrated by the graphs are noted below.

• During the major heat event of the summer of 2012, maximum daytime temperatures in 
most of Australia’s major cities did not exceed the highest average maximum temperature 
for any given month. Canberra and Wollongong were the exceptions (January). Cairns 
and Darwin came very close to their highest average maximum in December, Brisbane 
very close in December and January, Perth very close in December, and Albury-Wodonga 
close in January.

• Surprisingly few cities approached their highest average night-time minimum 
temperatures. Some cities, such as Geelong, actually recorded below long-term average 
minimums for all three months. Albury-Wodonga was virtually on average for December 
and January, as were Canberra and Darwin for December and February. Newcastle 
almost reached its all-time high average overnight temperature in January.

• The graphs show striking differences in rainfall between major cities. In January the Gold 
Coast exceeded its record for total rain in a 24-hour period. This is reflected in its total of 
500 millimetres for January 2013, over three times its long-term average monthly figure 
of 180 millimetres – itself a fairly hefty total. Toowoomba too received over 400 millimetres 
in January, compared to a monthly average of 132 millimetres. 

• Conversely Perth, Geelong and Albury-Wodonga had almost no rain in January/February. 
Adelaide, Melbourne, Launceston and Hobart also had very low readings for some of 
the three months. Canberra had above-average rainfall in January. Wollongong, Sydney, 
Parramatta and Newcastle had above-average rainfall in January and February. The 
northern tropical cities of Townsville, Cairns and Darwin also received either average or 
below-average rainfall for the three months.

Brisbane.

Image courtesy of Olivia Silverwood



• 202 •

Department of Infrastructure and Transport • Major Cities Unit

Major cities’ temperature and rainfall during the summer of 2012–13 
compared to long term averages
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Adaptation measures
In addition to BOM’s work predicting heatwaves and factoring in EHF for communities, 
climate change and heat adaptation efforts are being pursued in various cities around 
Australia, as illustrated in the featured examples below.

Geelong: Climate Change Adaptation Toolkit
Contributed by the City of Greater Geelong

The City of Greater Geelong has been addressing its capacity to manage climate change. 
It published in 2012 a Climate Change Adaptation Toolkit, specifically designed to help 
local governments address climate change in a practical way. The Toolkit was developed 
in collaboration with RMIT University and the Net Balance Foundation. 

In 2011, the City of Greater Geelong released its Climate Change Adaptation Strategy and 
Roadmap to respond to the impacts of climate change. Its purpose was to identify and 
communicate the key risk areas for the City of Greater Geelong and propose a roadmap 
for action. It acknowledged the uncertainties associated with climate change on Council’s 
operations and provided a framework for organisational change and to embed risks into 
decision making. 

In developing the Strategy, it was clear that traditional tools were 
not adequate to guide Local Government decision making about 
climate change. The Adaptation Toolkit was developed to help 
integrate climate change into decision making. The challenge was 
to make it flexible enough to meet the widest range of future 
climate scenarios. 

The Adaptation Toolkit is based on the ISO 31000:2009 Risk 
Management Standard, and took approximately 12 months 
to develop. Its concepts and structure were tested with the 
Engineering and Community Development Departments of the 
City of Greater Geelong. 

The Toolkit aims to help organisations to: 

• integrate adaptation into existing processes

• develop effective risk management strategies

• make consistent decisions regarding climate change

• incorporate uncertainty into decision making by:

 – making decisions that are flexible and work across a range of future scenarios;

• be more responsive to climate change shocks and trends

• maintain standards of service delivery during extreme weather conditions

• form linkages across different work areas, internally and externally.
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The Toolkit is designed to be implemented once an organisation has developed a list of 
priority climate risks. It offers three tools that can be implemented in sequence or used as 
standalone steps: 

1. exploring the risk context

2. developing adaptation actions

3. screening for climate change interactions

Tool 1: Achieve a better climate change risk definition

Climate change risks do not occur in isolation. Tool 1 explores interactions with other 
stressors (environmental, social or economic). It helps users to recognise links between 
existing risks, their context and climate change.

Tool 2: Provide a process for identifying, exploring, evaluating and prioritising 
adaptation actions to test against climate scenarios.

Tool 3: Help organisations embed climate change adaptation considerations 
into processes and operations. 

Tool 3 helps identify climate change risks and adaptation actions, when developing new 
projects and strategies. 

The City of Greater Geelong is currently integrating the Toolkit into risk management and 
project management processes by applying it to decisions and assessments. 

It is now in an interactive web-based format so that it is easier for staff to use. 

The City of Greater Geelong intends to write case studies to help the Toolkit’s use as a 
standard tool across the City.

The Climate Change Adaptation Strategy and the Toolkit have raised climate change 
awareness throughout the City’s staff and beyond. Staff are now considering climate 
change when making decisions about planning, infrastructure investments and 
environmental management. 

The Toolkit is available on the websites of the City of Greater Geelong, Net Balance and 
RMIT. http://www.geelongaustralia.com.au/ct/tag/article/item/8cf7e8cfb9bad9d.aspx.

http://www.geelongaustralia.com.au/ct/tag/article/item/8cf7e8cfb9bad9d.aspx
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Responding to the urban heat island (UHI) effect:  
Chippendale, Sydney
Contributed by Michael Mobbs, residential sustainability consultant

In response to community requests and a plan to make the suburb of Chippendale 
sustainable, Sydney City Council is trialing the construction of ‘cool’ roads in the suburb, 
with work to be completed in 2013.

Council and the community wish to reduce the UHI effect in the suburb by cooling the 
streets. Streets cover over 24 per cent of the land surface of this closely-built inner city 
suburb. The streets are surfaced with black bitumen, many of them receiving full sun 
throughout the day. Figure 4-4 is a thermal image of part of Chippendale taken in the early 
hours of the morning of 6 February 2009 clearly showing the temperature of the roads 
(red). Since 2008 the City of Sydney has been monitoring the temperatures of two streets 
in Chippendale, one running east-west and one running north-south. The two monitoring 
stations take temperature measurements every five minutes, day and night. The data is 
made publicly available on the Council’s web site at http://www.cityofsydney.nsw.gov.
au/vision/sustainability/sustainable-city-living/urban-heat-island. 

The east-west street is in full sun, whereas the north-south street is shaded on the 
western side by buildings and a large tree canopy. On average, when there is minimal or 
no cloud cover, the east-west street is always 2°C hotter than the shaded street, day and 
night.

A temperature rise of 1°C increases air conditioning use by around five per cent. Research 
in the United States shows that every 1°C increase adds about 500 megawatts to the 
air conditioning load in the Los Angeles Basin (Akbari 2001). From inside a building, 
increasing an air conditioner’s thermostat set point by 1°C can save around 10 per cent 
of energy use (NSW Office of Environment and Heritage 2013).

http://www.cityofsydney.nsw.gov.au/vision/sustainability/sustainable-city-living/urban-heat-island
http://www.cityofsydney.nsw.gov.au/vision/sustainability/sustainable-city-living/urban-heat-island
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Figure 4-4 Thermal image of Chippendale, Sydney, taken between  
  1am and 5am 6 February 2009

Source:  City of Sydney

The black, unshaded road drives up air conditioning and energy use in the adjoining 
buildings and ultimately increases greenhouse gas emissions. By changing from black 
bitumen to pale-coloured road surfaces that absorb and re-radiate less of the sun’s 
energy, the City of Sydney aims to cool the streets down, including those without trees. 
It is also anticipated that lighter-coloured surfaces will reflect more light from street lamps 
and thereby allow lower-energy lights to be used. Light-coloured pavement is not new in 
Australia – many urban roads are concrete. For the trial, the City of Sydney plans to use 
pale-coloured aggregate in bitumen, which when laid will be ground back so the dominant 
colour on the road is pale.

As part of the trial, four new temperature-monitoring stations will be installed to measure 
the effects of the new road surfaces. With specific street data to be provided by the 
monitoring stations and the costs of the project yet to be quantified, the cool roads trial 
has the potential to provide a model for cooling our cities. Combined with increasing 
numbers of green roofs, ‘cooler’ streets may help reduce the greenhouse gas emissions 
of cities.
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Greening the built environment
The built environment of cities – that is, the buildings and supportive infrastructures such 
as transport and utility networks – provide an essential basis for the majority of Australia’s 
population to conduct their lives.

Cities are more than the concrete, tarmac, steel and bricks that make up the built 
environment. They include green open spaces, plants, trees and sometimes forests, and 
support a wide range of native and introduced animals. Some species, such as bottlebrush, 
currawongs and brush-tailed possums have adapted extremely well to urban environments. 

Cities can support important ecological functions, such as providing habitat for biodiversity 
and assisting in the water cycle. However, the processes of urbanisation can also distort and 
displace these ecosystems. 

Cities have the ability to influence local and global climates. For example, the replacement 
of vegetation by impervious surfaces and materials with high thermal conductivity, high heat 
storage capacity and low albedo (reflectivity) has led to the UHI effect (Oke 1982). This 
is where cities and their suburbs have significantly warmer air and surface temperatures 
than rural areas. Research indicates that the UHI effect and climate change are mutually 
compounding through increased energy use (Harris and Coutts 2011).

With population growth and urbanisation continuing to place pressure on the natural 
environment, there is growing recognition of the need to manage the ecology of cities 
to ensure they remain liveable. In this context, researchers, policy-makers, planners and 
resource managers are turning their attentions to greening the built environment. 

In this section, ‘urban greening’ describes adding vegetation – including plants, trees, open 
green spaces and even forests – to cities at various scales, from buildings to districts and 
metropolitan regions. It focuses on the concept of urban forests. Case studies illustrate the 
unique approaches of several Australian cities to urban greening. 

Benefits of urban greening
Adding natural green elements to the built environment promotes many direct and indirect 
benefits. These include mitigating the UHI effect, reducing air pollution and improving air 
quality and microclimate, and providing opportunities for carbon sequestration. Urban forests 
and greening provide habitat for biodiversity, support management of stormwater run-off and 
improve water quality. 

Urban greening also provides opportunities for recreation and active lifestyles. By improving 
the aesthetics of the urban environment, urban greening can increase property values. The 
City of Melbourne has estimated the amenity value of its urban forests to be of the order of 
$730 million.
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Fremantle green wall trials in a challenging climate
Contributed by Jana Soderland Curtin University

In 2011 a local Perth council made the construction of a green wall a condition of 
development for the builder of a block of units. The units would obstruct the view of an 
existing block of units and the council saw a green wall as a beneficial and attractive 
addition that would mitigate the loss of the view for the existing tenants. The developer 
took the council to court over this condition and had the condition removed. The 
defence was the lack of precedence and knowledge in Perth with this scale of green wall 
construction in local climatic conditions.

This case initiated the recognition of the need to trial green wall plants and systems in the 
challenging climatic conditions of Perth and Fremantle so the precedents and knowledge 
were available for future developments.

Curtin University Sustainability Policy Institute along with the City of Fremantle established 
a partnership to trial green walls in Fremantle. In April 2013 two sites with different green 
wall systems were installed in Fremantle after three months of growing off-site. They 
were planted with species chosen for their resilience in hot, dry conditions, comprising a 
combination of local plant species and exotics.

Challenging sites, both socially and climatically, were intentionally chosen. Both sites 
exhibit anti-social behaviour. Site A is a north-facing wall in a little used mall. The area is 
a sun trap in summer, with a high level of radiant heat from the paving and surrounding 
walls. Site B is a west-facing streetscape wall exposed to the late afternoon westerly sun 
and strong sea breezes.

 

 Site A Site B

Temperature and humidity sensors have been installed at Site A and they will provide 
continuous data over the year-long trial period. Sensors are also installed to gauge any 
difference that the plants have on the parameters being measured. Water meters at 
Site A are measuring water in and water out to extrapolate evapotranspiration rates. Plant 
growth rates will be visually assessed to determine which species thrive. Thermal imagery 
also will provide visual data on which plant species are providing greater cooling capacity.

Assessment of the social response to the green wall is an important component of the 
trials with pedestrian counts and behavioural mapping undertaken before the installation 
of the walls. These will be replicated at different periods throughout the year long trial. 
Intercept surveys will be conducted at both sites. On-site signage offers information on 
the project as well as a link to the website and online survey. Further information and the 
survey can be found at http://sustainability.curtin.edu.au/projects.

http://sustainability.curtin.edu.au/projects
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Case studies – urban forests
A number of Australian cities have recognised the benefits of urban greening. Technological 
advances (particularly in remote sensing) are being employed, allowing a more sophisticated 
approach to managing vegetation and urban forests. This has allowed city managers 
to better understand the stock of greenery across the urban landscape and changes in 
coverage over time. They can also identify areas able to benefit from increased levels of 
vegetation, and measure the effectiveness of initiatives to increase canopy coverage. 

The programs outlined in this section represent a range of locally adapted approaches to 
shared challenges such as population growth, climate change, UHI effect and biodiversity. 
They also recognise the contribution of vegetation and urban forests to the liveability of cities 
and the wellbeing of communities.

Brisbane
Contributed by Ross Cope, Brisbane City Council

Brisbane’s urban forest is diverse, unevenly distributed and multipurpose. In terms of a 
metropolitan area, Brisbane City Council is unique as it contains large natural areas both 
outside and within the urban boundaries of the city. Residents value green and open spaces, 
and visitors are attracted to the subtropical outdoor lifestyle that shady trees, leafy suburbs, 
parks and natural areas support. However, critical urban forest gaps and shade-hungry 
hotspots remain.

City-wide tree cover statistics

Brisbane City Council mainland area covers just over 1,300 square kilometres, 51 per cent 
of which is covered with tree canopy. An average of 31 per cent tree cover canopy cover in 
Brisbane residential suburbs provides a range of social, cultural, economic and environmental 
benefits and challenges. Natural areas, waterway corridors and private outer urban areas 
support over 2,500 flora species and 550 vertebrate fauna species. This makes Brisbane 
the most biologically diverse of Australia’s capital cities. Brisbane City Council’s natural area 
parks cover more than 8,000 hectares of land. In addition, Brisbane contains expansive 
areas of State-owned reserves, such as D’Aguilar National Park.

As shown in Figure 4-5, just over half of the city’s tree cover is growing on public land and 
is actively managed by Council. However, Council also influences, regulates and rewards 
private land owner partners who support critical habitat connections, waterway catchments, 
and significant trees.
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Figure 4-5 Brisbane tree cover by tenure, 2010

Source:  City of Brisbane

Targets and goals for Brisbane’s urban forest

Brisbane’s urban forest planning, targets, policies and programs are focused on optimising 
the benefits of the extensive and diverse public and private tree cover while balancing the 
risks, costs and other priorities of a growing city. Targets are therefore relative to recognised 
values of the urban forest and not just tree canopy cover, or tree planting numbers and 
include:

• restoring 40 per cent of Brisbane to natural habitat by 2026

• reconnecting ecological corridors

• 50 per cent tree shade cover for residential footpaths and off-road bikeways by 2026.

In 2012, Brisbane’s natural habitat cover was assessed at 34.9 per cent, greatly assisted by 
the Two Million Trees project, which restored almost 500 hectares of available waterway and 
ecological corridors, and bushland acquisition program sites. This intensive four year project 
was completed in 2012.

In 2010, there were an estimated 575,000 street trees of over 200 species, mostly of 
maturing age (72 per cent estimated less than 15 years of age). This provided an average 
of 35 per cent tree shade cover to footpaths supporting walking and cycling in residential 
suburbs. Ongoing work is focusing on partnerships with community and other Council 
programs and policies.

Brisbane’s current urban forest programs and policies

Measurement and monitoring

Brisbane’s shade cover target recognises the increasing importance of shade in a subtropical 
city, with climate change studies predicting an increasing number of extreme hot summer 
days. A direct relationship between areas of Brisbane with tree cover and cooler surface 
temperatures was confirmed more than 10 years ago in a University of Queensland research 
project. Most recently, ongoing tree cover measures use a combination of high resolution 
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satellite imagery and aircraft acquired imagery (LiDar (www.lidar.com.au) to help identify the 
city’s most shade-hungry hotspots. This information is then used to inform Council’s policies 
and actions. 

i-Tree and MUSIC – measuring the value of Brisbane’s urban forest

Brisbane City Council has joined with Sydney and Melbourne and professional associations 
to assist in quantifying the environmental values of urban tree canopy cover by building 
Australian i-Tree adapted software (www.i-treetools.org). Using 2010 sample street tree 
data and i-Tree, Brisbane’s estimated 575,000 street trees are providing an estimated 
annual $1.65 million in benefits for air pollutant removal, carbon sequestration and rainfall 
interception. More recently, in those locations where neighbourhood shadeways projects 
and stormwater treatment priorities coincided, modelling estimated the stormwater 
treatment values of streetside tree pits and trenches with kerbside stormwater inlets  
(see www.waterbydesign.com.au/musicguide/). The modelling forecast annual reductions 
of 3,240 tonnes for suspended solids, six tonnes for total phosphorous, 20 tonnes for total 
nitrogen and 1,070 tonnes for gross pollutants.

Neighbourhood shadeways

Some of the suburbs with the most shade hungry footpaths are already targeted for 
increased dwelling density, given their proximity to public transport and employment centres. 
Within these suburbs and many others, neighbourhood shadeways projects target the most 
shade-hungry path used to walk or cycle to shops, school, bus and train stations for footpath 
and bikeway shade tree planting. 

Neighbourhood shadeways projects have added 50,000 new shade trees since the program 
commenced in 2006. Almost half have been planted by residents at community plantings. 
These partnerships are encouraging stewardship of the newly planted trees and engaging 
residents on the many values of street trees and urban greening. 

Internal partnerships

Ongoing partnerships between Neighbourhood Shadeways and Council’s WaterSmart 
programs offer innovative ways to deliver cleaner waterways, more drought resilient street 
trees and cooler streetscapes. Other partnerships with Council’s Active Transport programs 
are supporting shade tree planting to encourage recreational and commuter walking and 
cycling. On a summer day, surface temperatures of tree shaded pathways can be up to 7°C 
cooler than unshaded pathways.

Development Control – subtropical boulevards and deep planting

When planning key urban centres, developers and major transport projects are required to 
include subtropical boulevards along major roads. Along with these, neighbourhood plan 
codes require deep planting and innovation in sustainable tree growth in new medium and 
high density developments. The draft City Plan makes these provisions applicable city-wide.

Natural Assets Local Law

The Natural Assets Local Law (NALL) is a statutory mechanism that protects the city’s 
natural assets on public and private property, including trees in urban areas. Interference 
with, damage to, or removal of NALL protected vegetation requires a permit from Council. 
In Brisbane’s most urban areas the NALL protects Significant Landscape Trees, which are 
special trees or stands of trees that contribute to the landscape character of local areas.

www.lidar.com.au
www.i-treetools.org
www.waterbydesign.com.au/musicguide
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Offset policies

The loss of tree canopy that comes with even the most sensitive of development and city 
infrastructure growth, requires offsetting strategies to ensure that urban tree canopy and 
habitat restoration targets are met. ‘No net canopy area loss’ policies are already in place for 
Council’s street and park trees, and offset policies for both biodiversity and landscape losses, 
are incorporated into the draft City Plan. Offsets also shift the cost burden for replacement 
and restoration of losses to the urban forest removers rather than ratepayers.

Natural area restoration

Ongoing natural area restoration efforts in Brisbane include:

• supporting the work of 126 community conservation groups

• working with 637 private landowners to improve land management

• protecting habitat and ecological corridors identified in the draft City Plan.

Bushland acquisition

Brisbane residents and businesses contribute to protecting Brisbane’s most significant 
natural assets through payment of the Bushland Preservation Levy in their rates account. 
The levy funds Council’s Bushland Acquisition Program which purchases parcels of land to 
help protect and enhance Brisbane’s natural environment. A total of 3,152 hectares of private 
land have been added to Council’s natural area park estate since 1990.

Wildlife Conservation Partner Program

A large amount of Brisbane’s wildlife habitat is located on privately owned land. Council’s 
Wildlife Conservation Partner Program enables landowners to sign up to voluntary 
conservation agreements. Residents who sign up receive help and advice on revegetation, 
local flora and fauna species and how to conserve and restore wildlife habitat on their land. 
Approximately 700 agreements protecting over 2,000 hectares of ecologically important, 
privately-owned bushland and wetlands have been negotiated with landowners across 
Brisbane since 1996.

Brisbane City Council and its partners are making good progress towards urban forest 
enhancement targets. Ongoing community engagement, ensuring value for money, building 
resilience, managing threatening process and ‘looking after what we’ve already got’ requires 
a complementary set of strategies, innovations, and actions that are all part of Council’s 
approach to protecting and enhancing Brisbane’s urban forest. 

SA urban forests – Million Trees Program

Contributed by Ross Oke, South Australia Department of Environment, Water and Natural 
Resources (DEWNR)

The SA urban forests – Million Trees Program is a major greening effort that targets parks 
and reserves throughout the entire Metropolitan Open Space System with the objective that 
Adelaide remains a sustainable, healthy and liveable city. The program was established in 
2003 and is managed by the DEWNR with funding primarily provided by the South Australia 
Department of Planning, Transport and Infrastructure (DPTI).

The initial target to establish one million native plants was achieved in 2006 and the program 
was extended with a target of three million native plants across Adelaide by 2014. This 
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more ambitious target will not only produce a leafier, more liveable city; it will also reduce 
greenhouse gas emissions and create and conserve critical wildlife habitat. At the end of 
2012 the program had established 2,550,000 plants – well on track to achieve the 2014 
target (Map 4-5).

Adelaide’s Metropolitan Open Space System (MOSS) consists of a network of reserves 
including large conservation and recreation parks, the Adelaide Park Lands, open space 
green belts to buffer residential development, linear parks along watercourses, the coast 
and bike trails and smaller local parks. A key component of MOSS is the Hills Face Zone, 
which provides a green backdrop to the city across the western flank of the foothills of the 
Mount Lofty Ranges. The Million Trees Program has been developed to enhance the MOSS 
with large-scale replanting of local native plants to achieve multiple outcomes. These include 
habitat restoration, water and air quality improvements, amenity and recreation opportunities, 
and carbon sequestration.

The program focuses on establishing plantings on larger reserves and local parks along 
streetscapes and within school grounds to beautify local environments, while providing 
habitat and opportunities for local communities to have greater contact with nature.

Helping create a sustainable Adelaide

Turner (2001) showed that approximately 97.3 per cent of the original vegetation of the 
Adelaide Plains has been cleared since European settlement. Land clearance and 
development has impacted significantly on native flora and fauna, with many species now 
locally extinct or threatened. Suitable habitat based on Adelaide’s original vegetation is being 
reinstated to reverse this trend in species loss, and remnant vegetation is being protected 
and preserved.

In addition, many of Adelaide’s parks and reserves have been developed with plants that are 
not locally native. These plants often require greater watering and management to survive 
in the challenging local climate. Redeveloping these amenity spaces in a more sustainable 
way will reduce water use. An urban forest and habitat restoration program such as the SA 
urban forests – Million Trees Program can allow planting projects and revegetation work to 
restore and enhance ecological processes and help reduce the impact that we have on our 
local environment.

It is estimated that the plants established by the Million Trees Program have offset 
greenhouse gas emissions, sequestering approximately 600,000 tonnes of CO2 equivalents 
over their lifetime. Awareness of sustainability is increasing amongst the communities of 
Adelaide. The Million Trees Program provides many opportunities for learning and hands-on 
involvement through innovative activities with local and school communities.

Implementation

The activities delivered under the program are grouped under four themes: Achieving 
on-ground results; Working together; Learning through action; and Combining our efforts.

Achieving on-ground results

The goal is to reduce Adelaide’s ecological footprint by protecting, enhancing, and re-creating 
urban natural habitat through strategic planting of local native species.
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Monitoring is an important aspect of the program, providing information on survival rates, 
vegetation growth and site condition. A survival rate of approximately 80 per cent has been 
recorded over five years of monitoring.

Over 2,550,000 local native trees and associated understorey plants have been planted 
over the lifetime of the program towards a target of three million by 2014 (Map 4-5). More 
than 350 project sites have been activated across the Adelaide Metropolitan Area and over 
1,500 hectares of land have been revegetated. These include large-scale sites and smaller 
sites that link remnant vegetation patches or create amenity value.

Maitland Taste Festival.

Image courtesy of Regional Development Australia
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Map 4-5 South Australia urban forests – Million Trees Program planting sites,  
  2003–2012
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Working together

The goal is to inform, inspire and invoke the people of Adelaide to strengthen their connection 
with nature. This is done by promoting awareness and understanding of the regions unique 
flora and fauna and fostering a greater appreciation of natural biodiversity and the need to 
conserve it.

The program provides funding and technical support to organisations or groups that aim 
to revegetate open space within the Adelaide area through biodiversity plantings and 
amenity projects. To date over 250 projects have been created with the community and local 
councils. Since 2003 the program has organised over 100 community planting events, with 
over 5,000 children and adults attending. Over 1,000 volunteers have now signed up to the 
Friends of the Urban Forest initiative.

Learning through action

The goal is to foster a higher profile for sustainability and biodiversity in education, including 
school curricula, by providing opportunities for involvement in local projects. The main 
education initiative is Grow A Great School (GAGS), which provides teacher training, 
curriculum resources, activities and funding for bush gardens and ‘living’ outdoor classrooms 
on school grounds. To date over 200 schools have undertaken GAGS projects involving over 
25,000 children and community members. Projects have included frog ponds, butterfly and 
biodiversity gardens, sitting circles and bush tucker gardens to help promote indigenous 
cultural awareness.

Combining our efforts

The goal is to encourage agencies at all tiers 
of government to work together to improve 
the delivery of projects and activities. A key 
feature of the Million Trees Program is that 
projects are undertaken in partnership. The 
program also supports a number of training 
programs including the Youth Conservation 
Corps. Projects have also been developed 
with local councils to provide habitat and 
help raise the profile of native gardens and 
plants within the community.

Image courtesy of Adelaide City Council
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Creating a Gawler-Playford natural greenbelt
Cooperation between State and local governments is allowing a unique opportunity 
to restore over 200 hectares of former cropping land to open grassy woodland on the 
northern Adelaide Plains. 

The Gawler Buffer project sites are situated within the ‘green belt’ that separates the 
council areas of Playford and Gawler. They are part of the Metropolitan Open Space 
System (MOSS) and are being developed in line with principles of conservation and 
passive recreation. The combined area of these land parcels totals 230 hectares and they 
contain important stands of native grassland and remnants of mallee box (Eucalyptus 
porosa) woodland.

The SA Urban Forests – Million Trees Program is working with the Department of Planning, 
Transport and Infrastructure (DPTI) and the two councils to transform the land into a valued 
open space reserve for local residents, as well as restoring the mallee box woodland 
using seed collected locally. Landscape restoration techniques such as native grass 
establishment trials and use of on-site seed orchards are being implemented. Community 
education on the importance of native bushland and the benefits in providing extended 
wildlife corridors is also a focus, with signage to be developed in the future.

These sites within the MOSS are playing a major role in reducing the physical impact of 
the city on the local environment and improving the quality of life for residents, visitors 
and future generations. Through the Million Trees Program, DPTI and Department of 
Environment, Water and Natural Resources (DEWNR) are working together to develop 
long-term approaches to habitat restoration and revegetation practices within several 
large-scale open space areas. This approach is allowing us to learn from each site and 
adapt our management to progressively reduce weeds and reintroduce local flora and 
fauna.

Conclusion

The SA Urban Forests – Million Trees Program is well on track to achieve the target of 
three million new native plants by 2014. Biologically diverse habitats are emerging from 
degraded agriculture land. Urban parks are supporting increasing elements of the regions 
natural heritage, using less water for irrigation and providing more contact with nature and 
therefore scope to foster a greater appreciation for nature conservation both locally and more 
widely across the landscape. However, in order to meet targets identified in South Australia’s 
Strategic Plan, the 30 Year Plan for Greater Adelaide and the Adelaide and Mount Lofty 
Ranges Natural Resources Management Plan, revegetation across a scale of thousands of 
hectares is required in order to redress habitat loss and absorb carbon emissions. The SA 
Urban Forests – Million Trees Program represents an opportunity to build on a long-term 
approach to habitat restoration and forms a strong basis for continued success and 
sustained effort into the future.

For more information on this program see http://www.milliontrees.com.au.

http://www.milliontrees.com.au
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Measuring Melbourne’s urban forest
Contributed by Yvonne Lynch, City of Melbourne

The structure and composition of the urban forest determines the quantity and quality of the 
ecosystem services provided to the City of Melbourne. A better understanding of the urban 
forests helps management regimes and informs public policies and the community on the 
necessity of creating resilient cities as a response to climate change adaptation.

To achieve this understanding, the City has created a database to show how urban forests 
are affected by urbanisation, drought and increasing environmental demands. The use of 
geospatial tools for the assessment of the urban forests are useful, particularly when backed 
up by a tree inventory. 

A snapshot of Melbourne’s urban forest

Seventy-thousand public trees 

Amenity value of $730 million 

Twenty-two per cent canopy coverage public realm 

Twenty-seven per cent loss in 10 years and 44 per cent loss in 20 years useful life 
expectancy 

Three thousand new trees per year annual planting program

Melbourne’s key urban forest targets 

Five per cent species, 10 per cent genus, 20 per cent family species distribution 

Forty per cent canopy coverage by 2040 

Two to 4°C reduction in urban temperatures 

Expansion of stormwater harvesting to secure water supply to the urban forest 

i-Tree Eco Valuation for the entire forest 

Methods, tools, calculations 

Landsat Thematic Mapper imagery & Normalised Difference Vegetation Index (NDVI) 

Thermal imagery 



• 223 •

Chapter 4 Sustainability • State of Australian Cities 2013

Urban forests and climate variability

The City of Melbourne has used medium resolution imagery to measure changes in vegetation 
and surface temperature for the last 25 years. Based on Landsat Thematic Mapper imagery 
(Satellite-based earth resources scanning) the Normalised Difference Vegetation Index (NDVI) 
was calculated. NVDI is an imaging tool used to determine whether land being imaged by 
satellite contains live vegetation. Together with land surface temperature, the NVDI was used 
to understand the effects of urbanisation and identify areas more vulnerable to drought. 

A lack of moisture was observed to be a limiting factor for tree growth during periods of 
drought. Grassland areas with a lack of irrigation were observed to be more affected by lower 
rainfall periods, manifesting in poor vegetation health. 

Thermal imagery during heat events can identify hot spots which occur across the municipality. 
This information guides planting in hot spots and determines which trees are not effective in 
addressing these hotspots. A tree inventory and removal database helped to determine the 
effect of drought on species survival, lifespan and growth. Analysis of tree removals and tree 
size enabled the recognition of species more adaptable to climate variability.

It was found more trees die in parks than in streets, with the worst-performing trees belonging 
to the Magnoliaceae, Juglandaceae and Podocarpaceae families. Analysis revealed that 
fast growing trees have a higher probability of failure in parks under conditions of low soil 
moisture, with evergreens and species suited to cool and temperate climates being affected 
by drier periods. 

The analysis revealed that 60 per cent of trees in the city have a life expectancy of over 
20 years. Of the trees with shorter expected lifespans, five per cent were individual trees 
classified as new or juvenile. The analysis showed that some of the biggest trees will be 
lost within the next two decades. The information obtained from the geospatial analysis 
was observed against the trees that were new, juveniles and semi-mature but had low 
life expectancy (less than five years) in order to determine the species that could be 
most vulnerable to heat stress and lack of water. Three species with very low Useful Life 
Expectancy (ULE) were found within vegetation health hot spots: Allocasuarina, Acer and 
Eucalyptus. The species that performed the best, as measured by their expected lifespan 
and size at maturity, were Tilia, Liquidambar, Melia and Angophora, while Hymmenosporum, 
Celtis and Ulmus species were identified as vulnerable to climatic variability. 

Urban forest structure, function and its temporal change

Forest structure varies according to age, size, condition, density and distribution, all of which 
influence its function and quality. Vegetation structure can be analysed at the city scale or at 
a finer scale. For example, Landsat imagery can be used to obtain the location of vegetated 
areas, their connections and changes over time. This data can be used to target areas of 
new plantings and for landscape ecology analysis. Landsat also helps assess changes in 
vegetation structure over time from urbanisation, climate change or policy decisions. The 
NDVI can also assess carbon storage and biomass. 

It has also been possible to identify with aerial photographs each tree in the municipality. Tree 
and building heights and mass can be measured via Google Earth. Elevation models show 
water flows and assess changes over time in tree resources and sizes. Aerial photographs 
can also be used to identify existing trees and canopy sizes; however, the process is time 
consuming unless using infra-red photographs.
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Ecosystem services, disservices and diversity

Several ecosystems can be estimated via remote sensing, GIS and tree inventories. Carbon 
sequestration and storage can be derived and climate amelioration can be accounted for 
by quantifying the space that is shaded by trees in areas of vulnerable population or high 
pedestrian and cycling activity. Land use, vegetation cover, rainfall and hydrological soil data 
enable the estimation of existing surface runoff. Canopy cover maps can be used as input 
for habitat modelling, detecting areas of vegetation that are disconnected and areas that are 
big enough to provide habitat to a variety of species. 

Tree inventory data can be used to calculate diversity and the distribution of species. This can 
highlight the areas of monoculture more vulnerable to climate change, pests and diseases. 
A complete inventory provides sufficient data to locate native species and see how they 
respond to climate variability when accounting for their life expectancy. Life expectancy data 
indicates the condition of the urban forest, allowing future losses of trees in terms of sizes, 
species and locations to be predicted. 

Additional to benefits, environmental ‘disservices’ can also be identified from the tree 
inventory. For example, areas with high densities of allergen prone trees can be recognised. 
The ULE also indicates the location of trees in poor condition at risk of falling or branch 
dropping.

Canopy cover mapping

Urban forest management and monitoring requires precise estimates of tree canopy cover 
and change over time. Traditionally, canopy cover has been measured using on-screen 
digitisation or point density assessments of aerial photos using visual interpretation 
techniques. However, the vertical accuracy provided is not always sufficient to map tree 
canopies over time. The angle of the camera often captures trees on a slant and in city 
centres, tall buildings often hide trees. The City of Melbourne used LiDAR (remote sensing 
technology that uses a laser to analyse earth’s surface) data, as it provides tree height 
information. 

Using the LiDAR tree height data, models were prepared for 2008 and 2011 and tree canopy 
information was compiled for both the years. The canopies were then checked against the 
aerial photos. Groups of trees were subdivided to individual tree level to the extent possible. 
For each of these tree canopy features mean height and maximum height attributes were 
extracted. This could be a cost effective method for establishing tree locations in cities that 
have not yet collected a spatial tree inventory. 

Analysis of canopy change between 2008 and 2011 showed a net loss of 20 hectares by 
2011. While 34 hectares of new canopy were added in this time, a total of 54 hectares of 
2008 canopy were lost, primarily due to an ageing tree population and urban development. 

This project used LiDAR data to accurately map City of Melbourne’s tree canopy. Previous 
attempts to map tree canopy using only aerial photos were found to produce inherent spatial 
inaccuracies between years.
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Greening Sydney
Contributed by Lucy Sharman, City of Sydney

The City of Sydney recognises the importance of trees and other plants in providing 
significant environmental, social and economic benefits for the community. Joining 
the growing international recognition of the need for biodiversity, the City of Sydney has 
committed to becoming one of the world’s leading green cities. 

To achieve this, the City has developed the Greening Sydney Plan. The Plan acknowledges 
the importance of ecology and biodiversity to city living and supports the development of the 
Urban Ecology Strategic Action Plan.

Three strategic focus areas have been identified informing the objectives and targets of the Plan:

• Urban canopy – developing and protecting the city’s urban forest

• Urban ecology – greening to improve habitat for biodiversity

• Community empowerment – to green and care for our urban landscape

And three delivery focus areas for achieving the Plan:

• Public domain – greening for quality streetscapes and public spaces

• New development – maximising greening opportunities

• Community greening – empowering the community to green our city.

Under the Greening Sydney Plan, the City will deliver some 42 programs and projects in 
partnership with residents, local business, developers and volunteer groups.

The City’s programs have planted over 8,650 new street trees since 2005 and installed 
35,000 square metres of landscaping throughout the streets since 2008.

Waterloo Community Centre, Waterloo, Sydney.

Image courtesy of City of Sydney
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Major projects to be implemented under the Plan include:

• increasing the city’s urban canopy by 50 per cent on current canopy rates of 
15.5 per cent by 2030 to a total of 23.25 per cent

• developing an Urban Forest Strategy, adopted by council in February 2013 following 
community consultation

• implementing the Street Tree Master Plan

• reviewing the Register of Significant Tree and Tree Management Policy

• plantings in all available footpath locations

• investigating Water Sensitive Urban Design opportunities

• developing a green roof policy

• supporting establishment of verge and community gardens

• developing and supporting a green volunteers network.

Urban ecology

The ecological health of urban areas influences not only the diversity and abundance of plant 
and animal species, but also the quality of life of residents. Improved urban ecosystems 
have environmental and social benefits. The City of Sydney is developing an Urban Ecology 
Strategic Action Plan with five categories of general actions: 

• park and streetscape maintenance

• planning controls

• staff and contractor engagement

• community engagement

• partnerships.

The plan will support priority fauna species. 

Parks, trees and community gardens

The City of Sydney recognises that green spaces are one of a city’s most important natural 
assets. They are crucial to maintaining the high quality of the public realm and achieving the 
Sustainable Sydney 2030 strategy, creating green corridors and increasing canopy cover.

The City is also upgrading a number of small parks. Since 2008, 20 small parks have 
been completed with several more planned. The City has contributed to the MyParx free 
smartphone app providing users with up-to-date information, interactive maps, and personal 
guided tours of local parks. Major parks, playgrounds and sports fields are featured.

The City’s Street Tree Master Plan 2011 is a blueprint for street tree plantings. The objectives 
are to improve and develop the number, health, longevity and form of street tree species and 
to enhance the distinct character of different precincts. 

The Our Community Gardens Program helped implement 17 community gardens across the 
Local Government Area (LGA). Fourteen rain gardens were also installed (Table 4-2). Rain 
gardens are one of the simplest ways of treating stormwater before discharge to the main 
stormwater system and ultimately into waterways and bays.
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Table 4-2 City of Sydney rain garden installations, 2012–13

Performance
Quarter 3  
2012–13 Total to date Target

Small park upgrades 20 20 32

Trees (streets and parks) 0 42,540 n/a

Canopy cover (on current) 15.5 per cent 15.5 per cent 23.5 per cent

Community gardens 1 17 >12

Landscaping (grass/ planting) 4,645 m2 11,314 m2 8,000 m2

Rain gardens (since 2008) 14 107 n/a

Source: City of Sydney

Green roofs and walls

The City of Sydney supports the installation of green roofs and walls through the Green 
Roofs and Walls Strategy. These provide multiple benefits to building owners and to the local 
environment. Information on the benefits of green roofs and walls is available on the City’s 
website.

The City has a Green Roof and Walls Technical Advisory Panel made up of academics, 
architects, policy specialists and industry representatives. It meets monthly and provides 
valuable input into policy and program development.

Research was undertaken to investigate incentive programs used in other countries and to 
determine which were most effective and could have direct benefit for Sydney. This will help 
inform development of Council’s policy on green roofs and walls. 

A benchmarking exercise was also conducted to record the number and variety of green 
rooves and walls in the City and found 86,140 square metres of green rooves (Table 4-3).

Green wall at Four Seasons Hotel, The Rocks, Sydney.

Image courtesy of City of Sydney
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Table 4-3 City of Sydney green rooves, 2012–13, by quarter

Performance Q1 Q2 Q3 Q4 Total to date

Green rooves installed in the LGA – 46 3 – 49

Green walls in the LGA – 21 0 – 21

Total area (m²) – 83,995 2,145 – 86,140

Source:  City of Sydney

Previous State of Australian Cities reports looked at building energy rating schemes and 
sustainability rating tools for the built environment. The following article points out one of the 
complexities involved in energy efficiency and heat in residential buildings. 

Achieving co-benefits of energy efficiency and heat stress 
mitigation
Contributed by Zhengen Ren, Xiaoming Wang and Dong Chen, CSIRO Climate Adaptation 
Flagship and CSIRO Ecosystem Sciences

The National Housing Energy Rating Scheme (NatHERS) is used to rate the potential 
thermal efficiency of Australian homes. There are currently three NatHERS software tools 
accredited for use: AccuRate, BERS Sustainability and FirstRate.

One of the paradoxes about designing buildings to be more energy efficient is that the 
increased thermal insulation and air-tightness could potentially create an overheating 
problem unless air conditioning is installed (Mlakar and Štrancar 2011; Ren et al. 2011; 
Porritt et al. 2012; Dengel and Swainson 2012). 

A recent CSIRO study investigated potential heat risks in non-air-conditioned dwellings 
during extreme heatwaves. Using AccuRate, researchers simulated the effects of the 
2009 three-day heatwave in Melbourne on a conventional single-storey, three-bedroom 
house. In the study, the house’s floor plan was maintained, while the simulation examined 
various changes to improve energy efficiency such as infiltration sealing, ceiling insulation, 
wall insulation and window type (Table 4-4).

Figure 4-6 and Figure 4-7 compare the heat stress discomfort index (DI) (Ren et al. 2012) 
of the family and kitchen area of the base house to the DI of more energy-efficient house 
designs over the three consecutive heatwave days (28–30 January 2009). The study 
found that without air conditioning, occupants in the base house (1.2 star energy rating) 
were likely to be exposed to a high overheating risk (with the discomfort index above 
28°C) when the maximum outdoor air temperature was above 43°C. 

By upgrading the house to a 3.4 star energy rating – by insulating the ceiling with R6 batts, 
shading the windows using external 60 per cent shade cloth and sealing the windows, 
doors, exhaust fans and downlights – the overheating and subsequent heat stress could 
be significantly reduced. However, the modelling showed that this modified house, without 
airconditioning, would still experience a total of 30 hours of accumulated overheating (with 
the discomfort index above 28°C) when the maximum outdoor air temperature reached 
43°C. 
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With even more insulation – adding R4 batts to the external wall – the simulation house 
was upgraded to a 5.6 star energy rating. This also slightly reduced the overheating risk 
and reduced the total accumulated overheating hours by around 10 per cent. 

However, if further R3 insulation was added to the floor, bringing the house up to a 6.1 star 
energy rating, the simulation showed an increased overheating risk in the family/kitchen 
area and more than 10 hours with the discomfort index above 28°C for the second and 
third heatwave days. This is because more heat was being retained inside the building 
during the heatwave and could not be dissipated. A similar phenomenon occurred when 
the building was upgraded to 7.4 stars.

The modification of the house used in the CSIRO study is shown in Table 4-4.

Table 4-4 Modification of house from 1.2 stars to higher energy star ratings

Component 1.2 star 3.4 star 5.6 star 6.8 star 7.4 star

Windows Aluminium 
standard single 
glazing

Aluminium 
standard single 
glazing

Aluminium 
standard single 
glazing

Timber/uPVC 
double glazed 
with 12 mm 
argon gap

Timber/uPVC 
double glazed 
with 12 mm 
argon gap

Ceiling 
insulation

No R6.0 R6.0 R6.0 R6.0

External wall 
insulation

No No R4.0 R4.0 R4.0

Gap size of 
doors and 
windows

Large Small Small Small Small

Fans and 
downlights

No sealed Sealed Sealed Sealed Sealed

Outdoor 
shading

No 60%  
shade cloth

60%  
shade cloth

60%  
shade cloth

60%  
shade cloth

Floor insulation No No No No R3.0
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Figure 4-6 Heat risks of house with various energy star ratings during  
  Melbourne heatwave, 28–30 January 2009

Figure 4-7 Hours of heat stress for houses with various energy star ratings   
  at heat risk of DI≥28°C during Melbourne heatwave,  
  28–30 January 2009
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Energy efficiency

Australian residential sector energy consumption
The Australian residential sector continues to be a significant contributor to greenhouse gas 
emissions. Consumption levels will continue to rise due to the increasing number of houses, 
increasing average floor space and declining number of people per household (Department of 
the Environment, Water, Heritage and the Arts 2008). 

To date most emission reduction programs aimed at the residential sector have focused 
on increasing energy efficiency within households and increasing the availability and use of 
energy from renewable sources. However, the savings achieved from these initiatives are being 
offset by the higher overall rates of energy consumption, with associated greenhouse gas 
emissions having implications for the future. A greater understanding of how much energy is 
being consumed by households will lead to more effective responses to these sustainability 
challenges. 

Fuel consumption and mix

As shown in Figure 4-8, energy use by the Australian residential sector has accounted for 
between 11 and 12 per cent of Australia’s total energy consumption since 2002–03. Since 
2008–09, it has been steady at 12 per cent. Although the residential sector’s share of energy 
consumption has remained steady, absolute consumption has increased from 412.5 PJ in 
2002–03 to 452.1 PJ in 2010–11.
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Figure 4-8 Residential energy consumption – percentage share of total energy  
  consumption, 2002–03 to 2010–11

Note:  BREE included the following industries in total energy consumption: agriculture; mining; food, beverages and 
textiles; wood, paper and printing; chemical; iron and steel; non-ferrous metals; other industry; construction; 
road transport; rail transport; air transport; water transport; commercial and services; residential; lubes, 
bitumen and solvents.

Source:  BREE 2012

As shown in Figure 4-9 the fuels consumed by the residential sector have changed 
only slightly since 2002–03. Black coal is no longer consumed in this sector. The most 
consumed fuel types are electricity (49 per cent), natural gas and coal seam methane (CSM) 
(33 per cent) and biomass/wood (13 per cent). Other fuel types account for less than three 
per cent each within the total fuel mix. The consumption of biomass/wood has shown the 
most significant change between 2002–03 and 2010–11, decreasing from 18 per cent in 
2002–03 to 13 per cent in 2010–11. The change in consumption rates from 2002–03 to 
2010–11 of all fuel types except biomass wood has been less than three per cent each. The 
higher consumption of some fuels reflects household access to each fuel type. 
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Figure 4-9 Proportion of residential energy consumption Australia by fuel type,  
  2002–03 to 2010–11

Source:  BREE 2012

The Energy Use and Conservation Survey provides an insight into how households use 
and conserve energy (ABS 2011a). The findings are based on responses provided by 
12,841 dwellings from urban, rural and remote areas in all States and Territories. As specific 
data is only available for State capital cities, the following discussion is restricted to these. 
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Electricity and mains gas were the most used energy sources by households surveyed. All 
households surveyed used electricity, so this is excluded from the comparison in Figure 4-10. 
Apart from electricity, mains gas was the most used source of energy for households in all 
capital cities except Hobart. The use of mains gas varies widely between cities. Usage in 
Perth (84 per cent) and Adelaide (75 per cent) is much higher than Sydney (48 per cent) 
or Hobart (six per cent). The dominant use of electricity and mains gas in capital cities is 
consistent with overall Australian consumption.

Figure 4-10 Proportion of energy use by household, selected capital cities, 2011

Source:  ABS 2011a
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Findings from the survey indicate significant changes in household energy usage patterns 
since 2008, as Figure 4-11 shows. Hobart has experienced a major swing (over 30 per cent) 
towards solar power, although this could be a reflection of the relatively small sample size. 
Perth, on the other hand, reported a reduction in solar power use of almost 11 per cent. 
Other noteworthy changes include a move in all six cities towards bottled gas.

Figure 4-11 Change in proportion of energy use by households, selected  
  capital cities, 2008–11

Source:  ABS 2011a
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Solar energy remains one of the less used sources of energy for households surveyed. Of 
the households that indicated they used solar energy, most used either solar electricity or 
solar hot water (less commonly both). As shown in Figure 4-12, in all six cities the majority 
of respondents indicated they used no form of solar energy. Of those who did use solar 
energy, solar hot water was more common in Brisbane and Perth than solar electricity. Solar 
electricity was more commonly used than solar hot water in the other four capitals. 

Figure 4-12 Household solar energy used – proportion of households surveyed, 2011

Source:  ABS 2011a
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Residential end use of energy
With the exception of household-related transport (discussed later in this chapter), heating 
and cooling together account for the largest use of energy by households. As shown in 
Figure 4-13, space heating and cooling and water heating account for just over 60 per cent of 
household energy use in South Australia. Appliance use accounts for the 40 per cent of 
household energy use not directed to heating and cooling. Figure 4-13 also shows that 
appliance use, including fridges and freezers, accounts for 23 per cent of household  
energy use. 

Figure 4-13 How energy is used in the home (South Australia), 2012

Source:  South Australian Government 2013
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Heating and cooling trends
Energy demand for space heating and cooling is projected to increase in the coming 
decades. Factors influencing increased demand include the above-average floor area 
of residential dwellings in Australia, the decreasing number of people per household 
and the increasing use of whole-house heating and cooling systems (Department of the 
Environment, Water, Heritage and the Arts 2008). The predominant fuel source used for 
heating households differs between cities. Results of the ABS survey on environmental use 
and energy conservation indicate that Hobart, Adelaide, Sydney and Brisbane predominately 
use electricity to fuel their household heating (Figure 4-14). In Melbourne and Perth the main 
fuel type for heating is gas. Almost 50 per cent of respondents from Brisbane indicated they 
did not have a heater.

Figure 4-14 Energy source for household heating, selected capital cities, 2011

Source:  ABS 2011a

Non-renewable energy sources appear to be the predominant fuel for space heating. Again 
as indicated by findings from the ABS survey cited above, most fuel sources used for space 
heating, except biomass, are non-renewable. However, biomass is the least used source of 
fuel for space heating – electricity and gas being the most predominant. 

Air conditioner ownership and therefore usage in the residential sector has increased 
significantly. Based on ABS data, the Department of the Environment, Water, Heritage and 
Arts (2008) found that air conditioner ownership in the residential sector had almost doubled 
between 1994 and 2004, rising from an average of 0.395 units to 0.762 units per household, 
and was projected to increase even further. The study also found that the rapid growth in air 
conditioner ownership had effectively overshadowed any energy consumption reductions 
gained by improved efficiency over the same period (Department of the Environment, Water, 
Heritage and the Arts 2008). These findings are supported by the Energy Efficient Strategies 
report Status of air conditioners in Australia (Energy Efficient Strategies 2006).
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Water heating
Non-renewable fuels are the predominant energy source used for water heating. As indicated 
by findings from the ABS survey on environmental issues, electricity and gas were the energy 
sources most used by survey respondents for heating water (Figure 4-15). Solar energy was 
the only renewable energy source used for residential sector water heating. Though well 
behind electricity and gas, solar energy use was not negligible. This could be an indication 
that household water heating is being fuelled by combinations of solar with gas or electric 
boosting (Department of the Environment, Water, Heritage and the Arts 2006). 

Figure 4-15 Energy source for household water heating, selected capital cities, 2011

Note:  Hobart figures for mains gas and other not available.

Source:  ABS 2011a

Appliances
Appliance use accounts for 23 per cent of energy consumption in Australia’s residential 
sector. Electricity is the predominant source of power used for household appliances. 
Findings from an ABS survey on information technology use (ABS 2011b) indicate the current 
mix of appliance ownership by Australian households. As shown in Figure 4-16, almost 
100 per cent of respondents to the survey indicated they owned a refrigerator, television and 
washing machine. Efforts to reduce appliance-related energy consumption by the residential 
sector have focused on achieving greater product efficiency. The overall gains achieved by 
these efficiency initiatives have been offset by the increased number and variety of appliances 
in Australia.
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Figure 4-16 Appliance ownership: proportion of households in Australia, 2011

Source:  ABS 2011b

The emergence of new technologies has added new types of appliances to the mix. As 
shown in Figure 4-17, the number of households with a personal computer increased from 
44 per cent in 1998 to 78 per cent in 2008–09. 

Figure 4-17 Proportion of Households with a personal computer in Australia,  
  1998–2009

Source:  ABS 2010, 2011b
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Households increasingly own multiple appliances of the same type. For example, as shown 
in Figure 4-18, the proportion of households with one or two televisions has decreased 
overall since 2002 while the proportion of households with three or more televisions has 
increased. The increase in the number of households with one set since 2009 could be a 
reflection of the trend towards smaller households. 

Figure 4-18 Proportion of Australian households with television sets in  
  metropolitan markets, 2002–13

Source:  Screen Australia 2013 and OzTam 2013

Lighting, cooking and standby power
Lighting, cooking and standby power (i.e. for appliances that are not being used but are 
not completely switched off) combined account for 14 per cent of residential sector energy 
consumption. Of the three, lighting makes up the most significant proportion of household 
energy use, at seven per cent; cooking makes up four per cent; and standby power makes 
up three per cent. There is little data available on standby power – a relatively recent source 
of household energy consumption that has emerged as technology has enabled, and even 
required, appliances and rechargeable devices to draw power continuously.

In an effort to reduce energy consumption and greenhouse gas emissions, since 2009 
Australia has implemented a phase-out of inefficient incandescent light bulbs. While the 
program is expected to drive residential lighting energy consumption down in the short term, 
it is projected that post-2015 consumption will again be driven upwards due to increases in 
the number of households and the continued use of less efficient light bulbs that were not 
part of the phase-out (Department of the Environment, Water, Heritage and the Arts 2008).

The greatest change in residential energy consumption for cooking purposes has been a 
shift in the fuel type used. The emerging trend within households is to have a gas-fuelled 
cooktop and an electricity-fuelled oven. However, the shift in fuel preference has not led to a 
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decrease in overall energy consumption for cooking (Department of the Environment, Water, 
Heritage and the Arts 2008). Findings from an ABS survey (ABS 2011a) indicate that the 
use of gas as a fuel for cooktops varies between our capital cities. As shown in Figure 4-19, 
Melbourne, Perth and Adelaide households more commonly use gas than electricity to fuel 
their cooktops. In Sydney, Brisbane and Hobart, electricity is still the more common source 
of cooktop fuel. 

Figure 4-19 Main source of energy for cooktops, 2011

Source:  ABS 2011a

Waste
The management of waste is integral to the sustainability of Australia’s major cities. How well 
we deal with waste and emissions is crucial in minimising environmental problems such as 
marginalisation of land, air and water pollution, and climate change. Recent figures from the 
ABS show that from 1997 to 2012 waste generation in Australia increased by 145 per cent, 
compared to a 22 per cent rise in the population, demonstrating growing pressure on waste 
management systems in cities (ABS 2011c).

During 2009–10, 53.7 million tonnes of waste was generated within the Australian economy. 
Of the total waste generated, 25.2 million tonnes was recovered domestically, 24.9 million 
tonnes was disposed to landfill and 3.7 million tonnes was exported. In 2011–12 Australia 
exported 4.4 million tonnes of waste valued at $2,407 million or 0.8 per cent of Australia’s 
total exports. The main waste exports are metals comprising waste and scrap of cast iron, 
ferrous metals, gold, copper and aluminium (82 per cent of Australia’s total value of waste 
exports). 

The construction industry generated the largest volume of waste: over 16.5 million tonnes, 
representing 31 per cent of the total waste generated during 2009–10. Masonry materials 
accounted for 37 per cent (19.8 million tonnes) of total waste generated in 2009–10. Organic 
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waste was the second largest waste type, representing 24 per cent (12.8 million tonnes), 
followed by paper and cardboard at 12 per cent (6.4 million tonnes). Of the 25.2 million 
tonnes of waste recovered in 2009–10, 10.9 million tonnes was masonry materials and 
6.2 million tonnes was organic waste. In 2009–10, 8.9 million tonnes of masonry materials 
and 6.6 million tonnes of organic waste were disposed to landfill, representing 62 per cent 
of all waste to landfill.

In Australia’s capital cities, each household is estimated to produce an average of 
almost 1.5 tonnes of waste each year, which makes a total of 12.4 million tonnes. 
Nearly half (47 per cent) of all waste from households is organic waste, and almost a 
quarter (23 per cent) is paper and cardboard waste.

Figure 4-20 represents the total waste generated in 2010–2011 from selected capital cities 
and the amount of waste recovered before going to landfill. Figure 4-20 also illustrates 
that Canberra and Adelaide have the highest rate of waste recovery of the capital cities 
measured. Eighty-five per cent of standard recyclables (paper, plastic, glass and metals) 
and over 90 per cent of green waste were recycled in Canberra (ACT Government 2012), 
while in Adelaide almost 80 per cent of all waste generated was recovered before landfill 
(Zero Waste SA 2013).

Figure 4-20 Waste generation and recovery in selected capital cities, 2011–12 

Source:  NSW Department of Environment & Heritage, Victorian EPA, Zero Waste SA, WA Waste Authority, Queensland 
Department of Environment, Heritage & Planning, ACT Territory and Municipal Services, Tasmanian Department 
of Primary Industries, Parks, Water and Environment

Other cities have been increasing their rates of recycling. Perth in 2007–08 recovered 
1.5 million tonnes of waste before landfill. In 2008–09 it recycled 1.58 million tonnes from a 
total of 4.6 million tonnes of waste generated, and in 2011–12 it recovered two million tonnes 
from a total of 4.7 million tonnes of waste generated – representing an increase in recovery 
rates from 29 per cent in 2008–09 to 43 per cent in 2011–12. 
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Attempts to calculate amounts of waste recovered in cities are complicated because of 
transfers between reporting entities and across regional boundaries. Material may be 
sent for recovery from one jurisdiction to another but may actually be recycled in one 
centralised location and, in the extreme, in another country. For example, in Brisbane less 
than 50 per cent of waste generated is recovered before landfill, although this could be a 
consequence of wastes generated in regions outside the city being transported to private 
landfills in Brisbane (Department of Environment and Heritage Protection 2012).

Compounding this problem is that recyclers and organic processors report at the entity level, 
not the facility level, so in situations where they have facilities in multiple regions and across 
State borders it is not possible to establish how much they recycled in a particular region. 
Only the total amount of waste that went to landfill can easily be calculated, although waste 
transfer stations such as those in Adelaide and Hobart provide facilities for resource recovery 
that allow information to be collected about waste (such as its source) which is invisible after 
the waste is consolidated and transported.

Satisfaction with waste collection
In general most Australians living in our major cities (83 per cent) were satisfied with their 
waste collection services in 2011–12. Figure 4-21 illustrates that households in Sydney, 
Melbourne, Brisbane and Adelaide have the highest satisfaction rate for waste collection 
activities when compared with the same services in Perth and Hobart. This can perhaps be 
attributed to the higher landfill levies paid in these cities for waste disposal outside the local 
council collection services provided to ratepayers, combined with the frequency of services 
to households that are not conveniently located near recycling or waste transfer facilities. 
Also contributing to lower satisfaction rates in Perth is the additional cost to supply green 
bins to households for garden waste collection.

Figure 4-21 Proportion of waste collection activities to households in capital cities  
  and overall satisfaction, 2011–12

Source:  ABS 2012



• 245 •

Chapter 4 Sustainability • State of Australian Cities 2013

Organic waste and recovery
Most people tend not to think of organic waste as having an adverse impact on the 
environment, because it is biodegradable. However, most food waste ends up in landfill, 
where it creates methane – a greenhouse gas with 21 times the warming potential of carbon 
dioxide (Zero Waste SA). In all major cities the rate of increase in the recovery of organic 
materials that are diverted from urban waste streams has accelerated over the last 10 years.

Figure 4-22 represents the frequency that households compost and recycle kitchen or food 
waste, showing that Adelaide, Hobart and Canberra households have the highest recycling 
levels for major cities. The results in Adelaide and Canberra are largely driven by support from 
local councils and not-for-profit programs like Foodbank in Adelaide and Yellow Van Food 
Rescue in Canberra. These organisations collect excess food from the food and grocery 
industry and deliver it free of charge to community organisations. There are similar programs 
in Sydney and Brisbane (Oz Harvest) and in Perth (Food Rescue). These programs contribute 
significantly to minimising the amount of organic waste sent to landfill. 

Figure 4-22 Frequency of composting or recycling kitchen or food waste, 2011–12

Source:  ABS 2012

Figure 4-23 illustrates that the capital cities such as Adelaide, Melbourne Sydney and Hobart 
with local governments that offered all households a dedicated green recycling bin for garden 
waste and composting display higher recycling rates than cities without dedicated garden 
waste recycling bins. 
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Figure 4-23 Frequency of composting or recycling garden waste, 2011–12

Source:  ABS 2012

Zero Waste SA reports that in 2011–12, Adelaide achieved close to 60 per cent of all 
households composting or recycling garden waste. This result is driven largely by support 
from local councils that provided a dedicated green bin collection service each fortnight 
for garden waste that cannot be composted for household reuse. According to various 
government websites reporting on garden waste, Sydney’s results are driven by garden 
organics being collected for recycling every fortnight, while in Melbourne each household 
(including apartments) is entitled to have two cubic metres of garden waste collected per 
household each month, contributing to a steady increase in recycling rates for both capital 
cities from previous years.

The cost of recycling garden waste outside the fortnightly council collection services in 
Sydney is higher compared to other major cities, due to the cost of facilities for enclosed 
composting systems that have been built to mediate odour in higher-density inner-city areas. 
(Also, a large number of households do not generate garden waste due to higher-density 
inner-city living). To encourage higher recovery rates for organic waste, the New South 
Wales Government’s began the Waste Less, Recycle More strategy in February 2013. It is 
a $70 million organics infrastructure fund and program, with new and renovated infrastructure 
to process food and garden organics from households and businesses.

In Melbourne, the Conserve, Invest and Save program has improved waste infrastructure, 
leading to higher recovery and recycling rates and lower amounts of organics going to landfill. 
It follows the closure of four facilities that produced compost from garden waste due to poor 
environmental performance related to odour (Sustainability Victoria). 
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In Brisbane there were 37,976 households (Department of Environment, Heritage and 
Planning 2012) with dedicated green waste bins (they are optional to ratepayers) out of 
457,797 households that received general waste collection, which could explain why 
Brisbane has a lower rate of garden recycling than Melbourne, Sydney and Adelaide.

In Perth and Canberra the rates of recycling garden waste were lower than Sydney, 
Melbourne, Hobart and Adelaide, presumably due to not having dedicated green bins for 
garden waste. In Perth, local councils have jointly formed a separate body to measure and 
manage waste. 

E-waste
A more contemporary problem in managing waste recovery in cities is e-waste: discarded 
electronic products, including computers and televisions. In 2011–12, an estimated 
29 million televisions and computers were discarded across Australia. Many materials in 
these products can be reused and recycled and some items can be refurbished for a second 
life. While e-waste is generated from a variety of sources such as commercial premises, 
government offices and educational facilities, e-waste from households is of particular 
concern. That is because little is known about current household disposal methods for 
cheap, regularly updated appliances like toasters, kettles and irons (disposal of which is 
thought to be growing at over three times the rate of general waste in major cities).

Recycling rates for e-waste are expected to have reached 30 per cent by June 2013 and 
80 per cent by 2021–22. Driving this increase is the availability of collection and drop-off 
services, which are set to expand and be available in all capital cities by the end of 2013 
(ABS 2013), providing a long-term solution to recycling e-waste. In Perth $1.5 million 
has been allocated to support e-waste recycling activities for up to three years (Western 
Australian Waste Authority Business Plan 2012–13).

Waste management approaches
Waste management in Australia’s major cities is the responsibility of all levels of government. 
Local government is more actively involved in the process of disposing and recovering 
materials and/or paying others to dispose of or recover materials, but all levels of government 
are involved in developing and implementing strategies to encourage households and 
business to reduce waste.

At the national level the National Waste Policy, agreed by all Australian environment ministers 
in November 2009, sets Australia’s waste management and resource recovery direction 
to 2020. State governments have waste strategies and in some cases have a dedicated 
government authority to implement them, such as Zero Waste SA and the Western Australian 
Waste Authority. Many local governments have their own strategies.

In mid-2010 a coalition of local authorities announced that Albury-Wodonga’s landfill could 
run out of space in 20 years or less if the growth in the amount of waste it receives continues 
unabated. To mitigate this, local authorities launched the Halve Waste campaign with a goal 
of reducing landfilled waste by 50 per cent by 2014. Campaign measures include waste 
assessments for businesses, a schools waste education program, a home composting 
program with Council subsidised compost bins and training, a business waste exchange 
putting producers of waste in touch with potential users, a waste and recycling information 
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web site and waste education for the community. The success of the Halve Waste 
campaign can be demonstrated by the fact that in 2011 the local landfill centre received 
187,066 tonnes of waste and buried 121,980 tonnes, but in the 12 months to May 2013 the 
centre received 170,341 tonnes and buried 103,091, an almost five per cent rise in the waste 
recovery rate (Albury City Council 2013).

While a considerable amount of resources has been devoted to education and 
communication programs to reduce waste, many jurisdictions have also sought to 
complement these measures with regulatory and economic instruments. In May 2009 
legislation was introduced in South Australia to prevent single-use, lightweight polyethylene 
bags being given away or sold by retailers. Similar legislation was enacted in the Northern 
Territory in September 2011 and in the ACT in November 2011. In February 2012 the City 
of Fremantle became the first council in Australia to pass laws banning single-use plastic 
shopping bags. Figure 4-24 suggests that banning the use of lightweight plastic bags and 
implementing a levy on the use of the thicker plastic bags that customers have been offered 
as an alternative has had a noticeable effect. From November 2013 a similar ban will exist 
in Tasmania.

Figure 4-24 Frequency of reusing bags when doing the grocery shopping, 2011–12

Source:  ABS 2012

The other major incentive to decrease waste has been increases in private and local council 
landfill levies in all major cities, which may also explain why the rate of household composting 
and garden waste recycling proportional to population levels is increasing. Similar legislation 
that offers an economic incentive to consumers to increase waste recovery rates is the five 
cents per can refund and 10 cents per bottle refund program in South Australia, the success 
of which has led the Northern Territory to investigate a similar scheme. 
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Value of waste as a percentage of GDP
For the major cities with waste management initiatives mentioned above (including recycling 
building materials, collecting surplus food and recycling e-waste), the waste management 
industry has been valued at $9.5 billion by the ABS, with income from waste products worth 
over $4.5 billion annually (ABS 2013). In Victoria alone, the value of waste and recycling 
activity is estimated at $2.153 billion (Sustainability Victoria 2012). While the total volume 
of waste generated in Australia each year has been reported as growing faster than annual 
GDP growth, such increases are largely due to improved reporting of waste and improved 
recycling data. With increasing innovation in waste management and recycling, the value 
of the materials recovered for reuse multiplies. This will contribute to further GDP growth in 
major cities as new and expanded markets for recycled products and materials are realised 
by the market and consumers. 

Transport energy efficiency
The transport sector is the largest end user of energy in Australia. Moving people and freight 
accounts for 38.5 per cent of final energy use (Figure 4-25). The transport sector uses 
73 per cent of Australia’s total liquid fuel. Road transport uses 56 per cent of Australia’s total 
liquid fuel (Australian Energy Statistics 2012). Much of the urban research literature and many 
policy documents recommend increased use of mass transit systems to improve the energy 
efficiency of urban passenger transport. However, there is little public information comparing 
the efficiency of transport modes in Australia.

Figure 4-25 Australian energy use by industry, 2011

Source:  Australian Energy Statistics, 2012
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Measuring energy
Transport energy efficiency measurement has two components. The first is the energy use of 
the vehicle. Because a variety of fuels are used in transport – petrol, diesel, LPG, electricity 
etc. – fuel efficiency across modes is measured in joules (J). One joule is the equivalent of 
one watt of power radiated or dissipated for one second. Larger amounts of energy are 
measured in megajoules (MJ) – 106 joules. Very large amounts of energy are measured in 
petajoules (PJ) – 1015 joules. 

The second component is vehicle occupancy rate. Vehicle energy use and occupancy rate 
are combined to give MJ per passenger kilometre. This is the measure used throughout the 
world to assess transport energy efficiency.

Light passenger vehicles

Vehicle energy use

Before 2001, advances in engine technology which improved light passenger vehicle (LPV) 
fuel efficiency were offset by increases in power, weight and the popularity of 4WD vehicles 
(BITRE 2012). These factors led to the Australian LPV fleet having almost no net gain in 
fuel efficiency between 1985 and 2005. This trend has now reversed, with LPVs becoming 
increasingly more energy efficient alongside continued trends towards Australians purchasing 
smaller, lighter vehicles (BITRE 2012, Moriarty and Honnery 2012). 

The State of Australian Cities 2012 reported that since 2005, per capita LPV use has had the 
steepest and most sustained decline since the Great Depression. Not only are people using 
cars less but they are also using less fuel for each kilometre travelled. 

Vehicle occupancy rate

LPV occupancy rate is known relatively accurately from household travel surveys conducted 
by state and territory governments over many years. The overall daily average occupancy 
of private cars has been estimated at 1.6 passengers and between 1.1 and 1.2 passengers 
during the urban commuting periods (Cosgrove et al. 2012, BITRE 2012).

Urban mass transit
Australian urban mass transit systems tend to operate higher frequency and higher 
occupancy services predominantly into CBD locations and along other higher density 
transport corridors. Areas with lower residential densities (including outer metropolitan areas 
where it is more difficult to achieve the critical mass to operate frequent services without 
large subsidies) tend to have lower frequency services. Most services operate with much 
higher occupancy levels at certain peak periods and generally very low occupancy levels 
during off peak periods. The exception to this are a small number of high frequency services 
between major activity centres, along major corridors such as busways, and to and from 
university campuses, which can have consistently high patronage throughout the day.

Much of the urban research literature and many policy documents promote the increased 
use of mass transit systems to improve the energy efficiency of urban passenger transport; 
however, there is little public information on the efficiency of transport modes in Australia.
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Buses

Vehicle energy use

Buses in Australian cities are primarily run on diesel fuel and are more energy efficient than 
previous generations. Adelaide is currently trialling hybrid diesel electric buses. It is also trialling 
the Tindo solar bus, the first in the world to be recharged using 100 per cent solar energy. It 
is funded as part of the Australian Government’s Adelaide Solar City program in partnership 
with Adelaide City Council. The Tindo bus can travel approximately 200 kilometres between 
recharges under typical urban conditions (Adelaide City Council 2013).

Occupancy rates

Generally, heavier vehicles use more energy. The more energy a vehicle uses, the more 
critical the occupancy rate becomes in assessing MJ per passenger kilometre. However, due 
to the lack of penetration of swipe-on/swipe-off ticketing systems in Australian mass transit 
systems, this vital information is often unavailable. 

A recent study by the Queensland Government found that in Brisbane 44 per cent of total bus 
patronage takes place on eight per cent of the bus network, utilising 19 high-frequency bus 
routes (of a total 230 routes in the city). The study also identified that in the wider South East 
Queensland region (including the major cities of Brisbane, Gold Coast and Sunshine Coast), 
almost 84 per cent of bus services have an average load of fewer than 14 passengers and 
just over half of the bus services in the region have an average load of fewer than seven 
passengers. Conversely a number of routes run at very high patronage levels throughout the 
day. These tend to be frequent services along corridors including busways (Translink 2013). 
This demonstrates that figures on occupancy are highly variable and averages may not hold 
true over a whole major city. Reflecting this variability, average occupancy rates for buses 
have been variously assessed as being between 3.1 and 10 passengers (Department of 
Sustainability, Environment, Water, Population and Communities 2008; Cosgrove et al 2012). 

Dead and circuitous running

A proportion of bus journeys in major cities carry no passengers, a situation referred to as 
dead running. Dead running is one of the measures used to compare the efficiency of mass 
transit scheduling. Some degree of dead running is essential in most transport systems 
to allow buses (or other mass transit vehicles) to return to depots, refuel or be moved to 
different routes. A national industry benchmark for dead running is set at 17.4 per cent of all 
bus journeys (ACT Government 2012).

As shown in Figure 4-26, the Australian benchmark for dead running of bus services is 
exceeded in most cases. Only the operator surveyed in Melbourne was achieving a lower 
rate than the benchmark. System efficiencies can be implemented to decrease dead running 
in some circumstances. For example Canberra is attempting to reduce the amount of dead 
running of the city’s bus network by improved scheduling and developing a new satellite 
depot (ACT Government 2012).

Due to the scarcity of available data, different years and geographic extents have been 
used to examine bus dead running. The information in Figure 4-26 should be used as an 
indication only. Canberra data is from the ACT Government and covers all bus trips in the 
city during 2010–2011. Australian benchmark data is for 2010–11 and is from the ACT 
Government. Sydney data is from NSW State Transit and covers 2009–10 financial year. 
The rest of the data is from the Securing 2026 Operational Sustainability Review prepared 
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for Brisbane City Council by AT Kearney and is for 2008–09. The Brisbane data covers all 
bus trips within Brisbane City Council. The Perth data is based on the median of two private 
bus operators in Midland and northern Perth. The Adelaide data is based on one operator in 
central and metropolitan Adelaide. The Melbourne data is based on one operator based in 
the south-eastern suburbs.

Figure 4-26 Proportion of buses recorded as dead-running (various years)

Source:  ACT Government, 2012, A T Kearney 2009, NSW State Transit, 2010

Circuitous running is another issue that affects energy efficiency, as well as the overall 
efficiency and effectiveness of a service. This involves buses taking longer routes along 
suburban roads rather than arterial routes to provide a level of coverage. Although these 
more circuitous journeys can improve overall equity by providing at least a minimum standard 
of public transport availability to a larger number of residents, it is likely to provide a strong 
time disincentive to use the service to all but those that have no other choice to use the 
service (for example people without access to a car or with certain disabilities). It also affects 
overall network energy efficiency.

Heavy rail

Vehicle energy use

Urban passenger railway networks in major cities are predominantly electric systems with 
the exception of much of Adelaide’s, which remains predominantly diesel powered. The 
electricity generation powering our urban rail systems is largely produced by non-renewable 
sources of energy (BREE 2012). 

There is little publicly available data on train energy use in Australia to make useful 
comparisons. However, the use of direct current (DC) motors in the older Melbourne and 
Sydney heavy rail networks compared to the more efficient alternating current (AC) motors 
used in Brisbane, Perth and most of Europe would suggest that efficiency in Australia’s two 
largest heavy rail networks may be below international standards (BITRE 2012). 
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Globally there has been a trend towards adapting existing urban mass transit systems to 
energy saving measures, such as retrofitting DC-powered rail networks to use AC motors, 
using renewable energy sources and equipping rolling stock with regenerative braking 
mechanisms (Thong 2012). It has also been estimated that energy savings of 10 per cent 
or more can be achieved by providing drivers with information on energy-efficient driving 
strategies (Albrecht 2011).

Dead running

Queensland Rail is the only urban rail network where dead running data is readily available. 
This shows that dead running equates to around 4,000 kilometres per day and 1.4 million 
kilometres per year (Translink 2013).

Summary of transport energy efficiency
There has been little if any independent assessment of the average occupancy rates of mass 
transit systems. Consequently, energy comparisons between modes must be treated with 
caution. Figure 4-27 and Figure 4-28 show two assessments of urban transport energy 
efficiency across the main transport modes. Each graph is based on different underlying 
occupancy assumptions. Together they show significantly different findings on vehicle fuel 
efficiency when different occupancy assumptions are made.

Figure 4-27 is based on an analysis by BREE (2012) using the limited and disparate data 
available on this subject for Australia’s cities. Its analysis shows that buses are nearly twice 
as efficient as LPVs while trains are three times more efficient on a megajoule per passenger 
kilometre basis. 

Bradleys Head to City, Sydney.

Image courtesy of Mosman Council
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Figure 4-27 Passenger vehicle fuel efficiency in Australia, 2008–09

Note:  Occupancy rate assumptions were not published with this data.

Source:  BREE 2012

Given these figures, it is not surprising that much urban research literature and many policy 
documents promote the increased use of mass transit systems to improve the energy 
efficiency of urban passenger transport.

It is important to note however that a number of factors can significantly change the energy 
efficiency of different vehicle types. If policy makers increase mass transit services in a 
poorly planned manner, or to address policy issues other than emission reductions, such as 
equitable access to public transport for lower density outer suburbs, energy efficiency can 
suffer significantly.

The operators of mass transit systems often put significant effort into designing existing 
networks and systems to maximise patronage and occupancy, and minimise dead running 
and repositioning, and thus reduce cost. This means that new services are almost always 
going to operate at lower occupancy rates, with greater dead running and repositioning.

Figure 4-28 is based on a study produced by the United States Department of Energy. The 
figure is instructive because it uses more comprehensive data available for American cities, 
including mass transit occupancy rates. It shows that buses, on a per passenger kilometre 
basis, use considerably more energy than the average American car. Commuter trains were 
rated as only slightly more energy efficient per passenger kilometre than LPVs.
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Figure 4-28 Energy use to travel one passenger kilometre in the United States,  
  2012

Note 1:  Figures are approximated conversions from BTU’s to MJ and from miles to kilometres.

Note 2:  Data compiled from 24 US cities. LPVs includes Cars but not “Personal trucks”.

Source:  US Transportation Energy Data Book 2012

The differences between Figure 4-27 and Figure 4-28 (particularly in the energy efficiency of 
rail and buses and occupancy rates) demonstrate the importance of having comprehensive 
information to assess the energy efficiency of mass transit systems. Well-utilised mass transit 
networks are inherently more energy efficient than systems that rely solely on private vehicles 
(Potter 2003). However, there is also a fundamental tension between equity (providing the 
widest possible service coverage) and efficiency (running on heavily patronised routes) 
(Walker 2008). 

This has led some to suggest that the key to increasing the energy efficiency of urban 
transport systems is to increase occupancy rates on mass transit modes by encouraging 
higher residential housing densities (e.g. Mees and Dodson 2011). However, as shown in 
the State of Australian Cities 2012, the link between high residential densities at journey 
origin and mass transit use is not strong. Rather, it is the density at journey destination that 
appears to be the key factor in increasing occupancy rates, in which case there would be 
some unavoidable trade-offs in equity to realise the potential energy efficiency of mass transit 
systems. Further information in this area will be important in informing public policy decisions 
and will be sought for future editions of State of Australian Cities reports. 
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Greenhouse gas emissions of transport modes

In the transport context, carbon dioxide (CO2) emissions are usually measured in grams of 
CO2 equivalent emitted per kilometre travelled. While total household emissions account 
for approximately 21 per cent of all emissions in Australia, transport contributes the largest 
proportion of average household CO2 emissions at almost 42 per cent. As shown in 
Figure 4-29, private vehicle use alone accounts for 35 per cent of Australia’s average 
household emissions, by far the largest component of the transport sector’s emissions 
(Australian Government 2011: Clean Energy Futures 2013). This is despite average 
emissions of LPVs having fallen by 21 per cent in the past 11 years (see Figure 4-30) 
(National Transport Commission 2013). 

Figure 4-29 Proportion of average household emissions including transport, 2012

Source:  Clean Energy Futures 2013

Transport produces around 15 per cent of Australia’s CO2 emissions. Of this, LPV 
emissions constitute 64 per cent, or 9–10 per cent of total emissions (Department of 
Infrastructure and Transport 2012). Since 2002 as shown in Figure 4-30, CO2 emissions of 
LPVs has decreased by an average of two per cent every year (Tomlinson 2012). In 2012 
the national average carbon emissions from new LPVs were 199 g/km, a reduction of 
3.7 per cent from 2011 (National Transport Commission 2013). From 2015 the Australian 
Government will introduce mandatory carbon emission standards for LPVs which will slow 
the rate of increase (Department of Infrastructure and Transport 2012).
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Figure 4-30 Australian new passenger (light) vehicles, average CO2 emissions,  
  2002–10

Source:  National Transport Commission 2013

Despite vehicles sold in Australia in general becoming more energy efficient, Figure 4-31 
shows that we remain significantly behind other countries in this regard, particularly 
countries in the European Union. In total new cars in Australia emit 43 per cent more  
CO2 than European cars on average (Canberra Times 2013, National Transport 
Commission 2013). If Australian consumers had purchased vehicles with best-in-class 
emissions in 2012 (excluding electric vehicles), a 40 per cent reduction in Australia’s new 
car CO2 emissions could have been achieved (National Transport Commission 2013).
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Figure 4-31 Average CO2 emissions for New Passenger Vehicles, European Union  
  and Australia, 2003–2010

Source:  National Transport Commission 2013

It is difficult to directly compare vehicle emissions between Australia, the US and Japan, 
as each uses different methods to measure vehicle emissions. However, Japan is broadly 
similar in terms of emissions to the European Union and the US is broadly similar to 
Australia (National Transport Commission 2013). 

System efficiency takes into account factors external to vehicles and systems as a whole 
(e.g. a public transport system or a road network). Systems can be modified to reduce 
the need to travel or promote one mode of transport over another. This may involve 
integrating transport planning with land use planning, behavioural adjustment and pricing 
mechanisms. 

The spatial organisation of Australian cities can have a significant effect on the carbon 
intensity of travel (Tomlinson 2012). For example, inner areas of cities with many public 
transport options have considerably lower emissions for total motorised trips than lower 
density outer metropolitan areas (Moriarty et al 2012).

A 2006 study which mapped the greater Melbourne region identified substantial levels of 
spatial variations in both transport emissions and transport energy efficiency across the city, 
with lower transport energy usage and lower transport emissions in areas surrounding heavy 
rail corridors in the middle ring and inner urban tram lines (Alford and Whiteman 2008). 

It has been estimated that even with the current fuel mix for electricity generation, and 
based on an average occupancy of 10 people, Australia’s urban mass transit systems 
produce on average between half and one-sixth of the carbon emissions of car travel 
per passenger kilometre (Cosgrove et al. 2012).
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Infrastructure sustainability rating tool
The infrastructure sustainability (IS) rating tool is a comprehensive rating system for 
evaluating sustainability across the design, construction and operation of infrastructure. 
Administered by the Infrastructure Sustainability Council of Australia (www.isca.org.au), 
it provides an independent certified rating process that looks at both processes and 
outcomes to determine the sustainability performance of infrastructure projects and 
assets. The IS tool references an urban design protocol (www.urbandesign.gov.au) that 
is supported by 45 organisations Australia wide. The following three case studies are 
registered in the IS scheme and are co-funded by the Australian Government through the 
Nation Building program, Building Australia Fund and Regional Infrastructure Fund.

Gold Coast Light Rail, Queensland

The Gold Coast light rail project aims to integrate new and existing transport systems, 
encourage urban regeneration and higher density development along its route. Coursing 
through the most built up areas of Australia’s fifth largest city, it will help to reduce 
congestion and provide multiple benefits for residents, tourists and businesses. 

Consisting of 16 stations, stage one is a 13 kilometre corridor connecting the new Gold 
Coast University Hospital and Griffith University with the key activity centres of Southport, 
Surfers Paradise and Broadbeach. Stage one will open in 2014 with 14 light rail trams.

The project is expected to reduce the number of private vehicle trips by 10 per cent, 
saving approximately 114,000 tonnes of greenhouse gas emissions during the first 
decade of operation. 

Working with the motto ‘everyone has the ability to challenge the status quo’, the 
project team has worked collaboratively to deliver sustainable outcomes for the project 
and the wider community. The communication and stakeholder team have undertaken 
an innovative ‘Love Our City’ campaign, working with local businesses and media to 
encourage continued shopping, dining and tourism experiences around the construction 
zones. A local industry participation plan has successfully sourced around 98 per cent of 
the workforce from within the local community.

The construction team is working closely with precincts on intersection to intersection 
road closures. This allows for a relatively quick ‘in and out’ approach to construction to 
minimise construction fatigue for businesses and residents. This has improved safety; and 
reduced material requirements, movements and reworks as excavations can remain open 
rather than being reinstated daily.

To date more than 260 sustainability initiatives and commitments have been identified 
and implemented on the project, resulting in savings in greenhouse gas emissions and 
materials. One of the most significant savings came through the redesign of a viaduct 
that runs through an existing landfill. By modifying the design from a bridge to a slab 
on pile structure, the volume of excavation and disposal was significantly reduced. The 
altered structure also reduces ongoing maintenance requirements. The greenhouse gas 
emissions saving was estimated to be more than 3,200 tonnes.

www.isca.org.au
www.urbandesigngov.au
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The integration of lighting poles with the light rail overhead line poles will eliminate 45 light 
poles across the alignment which will improve visual amenity, reduce material usage, and 
minimise maintenance.

The project is registered to be assessed for an IS rating. Stage One of the Gold Coast 
Light Rail is jointly funded by the Gold Coast City Council, the Queensland Government 
and the Australian Government through the Building Australia Fund at a total project cost 
of $949 million.

Gold Coast University Hospital, Parklands.

Image courtesy of GoldLinQ consortium

Great Eastern Highway upgrade, Perth Western Australia

A 4.2 kilometre section of the Great Eastern Highway was recently upgraded between 
Perth domestic airport and the city. The stretch of road was operating beyond capacity 
with a crash rate almost twice that of the state average.

It was the first project in Australia to achieve an ‘As Built’ rating under the IS rating 
scheme. The project team recognised several benefits from the rating process, including:

• continued testing of current systems and processes for sustainability, as well as 
helping benchmark against other best practice projects in Australia

• a sustainability audit process 

• a framework for sustainability performance and reporting for the project.

Delivering the project in a sustainable manner was a primary objective for the project team, 
with key performance indicators tracked for recycling, energy, and water use efficiencies 
during construction. 
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More than a dozen sustainability initiatives were developed. Many of these initiatives 
involved reducing and recycling waste, reusing material onsite, and using recycled 
products: 

• the use of warm mix asphalt, which required less energy than traditional hot mix 
asphalt, was a first for Western Australia

• use of smaller, more energy efficient cars to move around the site

• recycled asphalt pavement, utilised recycled site materials and reduced the need for 
virgin materials in the asphalt

• crushed comingled recycled concrete (CCRC) sub-base

• native water-wise plants were selected for the landscaping

• a detailed tree survey was carried out and the design altered to minimise the number 
of trees felled. At least 50 trees were retained through this process.

The project incorporated bus priority lanes at intersections, on-road cycle lanes, a 
continuous pedestrian footpath, and widening the highway from four to six lanes. The 
Australian Government provided $224 million to this $280 million project through the 
Nation Building Program, in partnership with the Western Australian government. 

Gateway WA – Perth Airport and freight access, Western Australia

This is the largest infrastructure project ever undertaken by Main Roads WA. The Kewdale, 
Forrestfield and Perth Airport precinct is a critical gateway to move people and goods. 
The need to upgrade this precinct is driven by the proposed expansion and consolidation 
of airport terminals to cater for the anticipated doubling of passenger air travel; doubling 
in freight and container transport within the area by 2030; and ongoing traffic congestion 
during peak periods.

The Gateway WA project incorporates road and bridge improvements, local road 
modifications, facilities and connections for pedestrians and bicycles, noise walls, 
landscaping, innovative urban design and the use of Intelligent Transport System 
technology. It includes widening the Tonkin Highway to six lanes between the Great 
Eastern and Roe Highways, upgrades to the Leach Highway and the local road network 
within the Kewdale freight precinct.

The project team decided to pursue an IS rating for the following benefits:

• more robust, transparent project governance including commitments, roles and 
accountabilities

• integrated decision making across the project team

• continuing greater use of recycled materials in highway construction; examples include 
sourcing bulk fill and pavement from construction and demolition waste

• reducing consumption of water, electricity and fuel and better management of 
materials and waste

• greater consideration of new technologies such as electric cars for site vehicles and 
LED lighting

• good iconic urban design.
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The Australian Government has committed up to $686 million to the project from the 
Regional Infrastructure Fund (RIF) and Nation Building Program. The total funding for the 
project from both the Australian and Western Australian governments is $1,004 million.  
It is expected to be completed in 2017.

Model of major intersection upgrade for Gateway WA. 

Image courtesy of Main Roads WA

Conclusion
Increasing summertime heat in Australia’s major cities reveals evidence of climate change. 
However, many of our cities are making serious efforts to increase use of green infrastructure 
and vegetation to ameliorate its effects. They are also showing a greater preparedness 
for extreme climate events such as floods and heatwaves by ensuring their emergency 
management plans are updated. 

Electricity is still the major fuel source for space heating and cooling in most major cities; and 
airconditioner use and whole-of-house systems are becoming more common. Appliances, 
mainly powered by electricity from non-renewable energy sources, are becoming more 
efficient but the effect is counteracted by the growing number of appliances in use due to 
rising living standards, population growth and increasing numbers of one and two person 
households. 

Australia’s major cities could use transport energy more sustainably. Urban mass transit 
systems are inherently much more efficient than light passenger vehicles, at least when 
mass transit occupancy rates are high. As shown in State of Australian Cities 2012, heavy 
rail commuter lines in some cities are at capacity, but this is only at certain times of the day 
and on certain routes. 
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Australia’s mass transit systems suffer from the tension between servicing the maximum 
number of people (equity) and maximum efficiency. The evidence is that we favour equity 
over efficiency; therefore the energy advantage of mass transit systems is largely lost to our 
major cities. 

Some cities are currently more successful than others in their recycling programs and 
management frameworks for waste. On average, about half of household waste is 
organic waste. A large proportion of this is going to landfill, where it generates methane, a 
greenhouse gas with 21 times the warming potential of CO2. 
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