ACSP-AESOP 

Fourth Joint Congress

July 6-11, Chicago

COPING WITH PEAK OIL AND 
GLOBAL WARMING 

IN AUSTRALIAN CITIES

DRAFT
NOT FOR CITATION WITHOUT 
PERMISSION OF THE AUTHORS

Dr Garry Glazebrook, University of Technology, Sydney

(Garry.glazebrook@uts.edu.au)

Professor Peter Newman, Curtin University, Western Australia

(P.newman@curtin.edu.au)
COPING WITH PEAK OIL AND GLOBAL WARMING 

IN AUSTRALIAN CITIES

Authors: 
Dr Garry Glazebrook, University of Technology, Sydney

Professor Peter Newman, Curtin University, Western Australia.

ABSTRACT

Australia is a highly urbanised nation and its cities are amongst the most car dependent in the world. This paper examines how their transport systems will be impacted by peak oil and global warming, and the options for mitigating these impacts. Scenarios for future oil prices and availability, energy efficiency measures, transport investment options and travel behaviour change will be examined to test the likely effects on accessibility and equity in inner and outer suburbs and for different income groups, using detailed analysis of travel patterns. This will be used to examine policy implications for government in addressing these issues.

1
INTRODUCTION
Australia, along with the whole world, is now confronting the twin problems of climate change and peak oil. As a continent, Australia is particularly vulnerable to the effects of climate change in areas such as potential destruction of the Great Barrier Reef, changes in rainfall patterns and species loss (IPCC, 2007). However Australia is also one of the most urbanised nations on earth, and our cities are some of the most car-dependent and petrol-intensive (Newman and Kenworthy, 1999, Newman, 2005). As such we are also particularly vulnerable also to the impacts of peak oil – see Figure 1.

Figure 1:
Relative Car Use Per Capita, 1990
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Source: Newman (2005). US Cities include Houston, Phoenix, Detroit, Denver, Los Angeles, San Francisco, Boston, Washington, Chicago, New York. Australian Cities include Perth, Brisbane, Melbourne, Adelaide, Sydney. European cities include Hamburg, Frankfurt, Zurich, Stockholm, Brussels, Paris, London, Munich, Copenhagen, Vienna and Amsterdam. Wealthy Asian cities include Tokyo, Singapore, Hong Kong. Developing Asian Cities include Bangkok, Jakarta, Kuala Lumpur, Manila, Surabaya, Seoul and Beijing.
Ever since M. King Hubbert first suggested that oil production would peak in the United States in 1970, a growing body of writers have examined the concept of peak oil (for example Campbell, 1997; Simmons, 2005; Hirsch, Bezdek and Wendling, 2005; Rutledge, 2005) while others have analysed in particular the potential impact on cities and urban transportation (Newman and Kenworthy, 1999; Kunstler, 2006).

Until relatively recently however, the idea that global oil production would reach a peak and then decline was strongly denied by many economists, most oil companies, and many government bodies. The “official” oil industry bodies such as the International Energy Agency and the Energy Information Agency were amongst the sceptics. However steep increases in oil prices since about 2005 and detailed analyses of oil field depletion rates such as that by the German-based Energy Watch Group (2007) have raised alarm bells (Figure 2). 

Figure 2:  Estimated Future Crude Oil Production
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Source: Energy Watch Group (2007)

It is now increasingly clear that the era of cheap oil has ended, even if oil prices fall back somewhat from their current levels as a result of the downturn in the US economy. The real price of oil in US dollars is now more than eight times what is was in the 1930 – 1970 period, when it ranged between $10 and $15 a barrel in 2005 $US. 
2
TRANSPORT IMPLICATIONS

Among the early impacts of rising oil and fuel prices have been downturns for airlines. In the United States, for example, four budget airlines have been forced out of business. In Australia, Qantas, our largest and one of the world’s most profitable full-service airlines, announced cuts in services in May due to rising oil prices, and Virgin Blue, our second largest carrier, has done likewise.

A second almost immediate but perhaps less expected impact has been on urban public transport. In the US, overall transit use in the March quarter 2008  is 3.4% up on a year ago, with the increase for rail-based modes has been even stronger – 10.3% for light rail, and 5.7 % for commuter rail and 4.4% for heavy rail (APTA, 2008). Similar trends are occurring in Australia – for example:
· There were 150 million public transport journeys in S.E. Queensland in 2005/6, a 50% increase in 7 years. Patronage in 2006/7 grew by a further 10%.
· Rail patronage grew 23% in Melbourne in the two years to 2006/7.
· Rail patronage in Perth grew by 41% in the year to March 2008, following the opening of the new line to Mandurah.

There is also evidence of reduced use of cars. In the United States, U.S. Department of Transport’s Office of Public Affairs noted in May this year that : “estimated vehicle miles traveled (VMT) on all U.S. public roads for March 2008 fell 4.3 percent as compared with March 2007 travel. This is the first time estimated March travel on public roads fell since 1979. At 11 billion miles less in March 2008 than in the previous March, this is the sharpest yearly drop for any month in FHWA history.” (US DOT, 2008a). In addition, average miles travelled on urban roads in March 2008 was 3.8% below that for the previous two years (see Figure 3).
Figure 3: Trends in US Highway Vehicle Travel
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Source: US DOT (2008b)
In Australia, there is no comprehensive data available yet on kilometres travelled by car since the fuel crisis, but anecdotal evidence suggests a recent slow down. In Sydney, volumes on recently opened toll roads (The Cross-City Tunnel and the Lane Cove Tunnel) are only 60% of that forecast, and financiers for both projects have experienced large losses. Traffic on Victoria Road, one of the city’s busiest arterials, was 75,000 vehicles per day in 2007 compared with 85,000 a few years earlier.
The impacts of rising fuel prices are not, however, uniform within the cities. Those living closest to the CBD or to the rail network have the highest public transport accessibility and use their cars the least, as illustrated for Sydney in Figures 4 and 5. The situation for people in the outer suburbs is compounded because they tend to also include new home buyers under the greatest level of mortgage stress (Dodson and Sipe, 2006). Australian cities have a continuous decline in household income from the centre to the outer suburbs unlike many American cities where often the wealthy live in outer suburbs. Nevertheless those poorer outer suburbs in Australian cities have up to ten times the car use per capita of the core and inner suburbs. 
Figure 4: Pubic Transport Accessibility in Sydney, 2001
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Note: Darkest areas have the highest accessibility (lowest average travel times). Accessibility is a weighted average of accessibility to employment, universities, public hospitals, retail facilities and to the population, and takes into account the importance of each zone as an attractor plus public transport travel times to that zone from any given origin zone.  Rail lines shown in red. Source: Glazebrook (2004).

Figure 5:  Weekly Car-km per person, Sydney, 2004
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Source: Glazebrook and Rickwood (2007). Darkest areas have the highest use of cars per household. 

In addition to impacts on travel behaviour, rising fuel prices are beginning to have other impacts, such as on house prices. Home values in Australian cities have risen rapidly in recent years, in a similar pattern to the US, UK and Spain, fuelled in part by low unemployment and high migration in Australia generated by the mining boom. Last year Australia’s population grew by 1.6%, the highest rate of growth in a generation, and most of these migrants settle in our large cities, especially Sydney and Melbourne though the fastest growing cities are Perth and Brisbane where the resources boom is focussed. Furthermore home finance practices in Australia have been better controlled than in the United States, with as yet very low default rates on mortgages. Also fuel prices have not risen as dramatically as in the US because the Australian dollar has risen by 20% in the past 6 months in relation to the US dollar and oil prices are set in US dollars.
As a result, Australia has not yet experienced the downturn in house values so apparent in the United States following the sub-prime meltdown and the fuel price rises where whole streets and suburbs in car dependent areas are being abandoned. Other countries are also beginning to experience fuel price related mortgage stress such as the UK where the need for alternative transport modes becomes critical. Australian cities, and indeed any car dependent urban areas across the world, are likely to face a difficult future unless they can quickly implement strategies to reduce their car dependence and its associated fuel vulnerability, and recently the first signs of falling house values have appeared, focused in the car dependent outer suburbs.

This paper attempts to show how Australian cities could face up to this crisis which is likely to deepen as global oil production peaks.

3
FUTURE FUEL PRICE SCENARIOS
World oil prices really started increasing around 2003, but have accelerated more recently. By June 2008, oil prices passed US$140 a barrel for the first time, giving rise to rapidly rising gasoline, diesel and aviation fuel prices, and widespread discussion of “peak oil” in the media. 
In the last few months, a range of commentators have begun talking of prices in the $200 - $250 a barrel range in the near term, including financial organisations such as Morgan Stanley and CIBC (Rubin, 2008), and oil / gas industry chiefs such as the CEO of Gazprom or the head of Caltex Australia. Most recently, energy analyst Robert Hirsh (2008) argued that oil could reach $500 a barrel within five years. While these forecasts seem incredible given the values of under $30 a barrel only a few years ago, they are being taken seriously given the growing evidence that we are very close to the peaking of world oil supplies.

Although no one can safely predict future oil prices, the table below shows a range of possible scenarios. These are updated from earlier estimates (Glazebrook and Rickwood, 2007), taking into account latest developments with regard to oil prices and carbon trading.  Scenario A represents a relatively benign future, in which reductions in demand and some increases in supply lead to moderation in prices from their current levels over the next few years, followed by a steady increase as supplies inevitably dwindle. Scenario B has prices rising fairly rapidly to $250 a barrel, and remaining at this level in real terms. Scenario C has prices rising rapidly to $400 a barrel and remaining at this very high level. 
Table1:  Future Oil Price Scenarios (2008 $US / barrel)
	 Scenario
	June 2008
	2012
	2020
	2050

	Scenario A (Low)
	$140
	$100
	$150
	$200

	Scenario B (Medium)
	$140
	$250
	$250
	$250

	Scenario C (High)
	$140
	$400
	$400
	$400


Oil prices will obviously impact directly on the prices of transport fuels such as petrol and diesel. However final fuel prices may also be influenced by climate change through the effect of carbon trading or carbon taxing.
In Australia a new national Government was elected in December 2007 with a policy to ratify the Kyoto Accord (which has happened) and to implement a carbon trading scheme by 2010. Plans for this are well advanced, with a discussion paper on the details of the scheme due to be released in July 2008. Currently there is a political debate as to whether petrol, and transport fuels in general, should be included in the carbon trading regime. The significance of such a move for fuel prices can be seen from the calculation that a carbon price of US$40 a tonne CO2 would add around A10c litre (equivalent to about US 40c / US gallon) to the price of petrol.

A recent report by the International Energy Agency (IEA, 2008) has analysed the potential range of carbon prices which might be needed to curb CO2 emissions. They examined two groups of scenarios: “ACT” scenarios, in which countries agreed to limit future global CO2 emissions in 2050 to current levels; and “Blue” scenarios, in which global CO2 emissions in 2050 are reduced by 50% compared to current levels. The report estimated the price of CO2 could range up to US$50 a tonne under the ACT scenarios, and up to US$500 a tonne under the “Blue” scenarios, but with an average price of between $38 and $117 a tonne.
Whilst it is not yet clear whether transport fuels will be included in carbon trading schemes, the implication if not is that other sectors such as power generation, cement manufacture and steel making would then face even higher CO2 abatement costs. In Australia, transport accounts for 14% of total greenhouse emissions (including those from agriculture, forestry and land clearing).

In order to explore the potential future prices for urban transport fuels (predominantly petrol or gasoline) the table below shows some potential scenarios for CO2 prices.

Table 2: Potential Scenarios for CO2 prices

	Carbon Price / $US/tonne CO2 
	 2008
	2012
	2020
	2050

	Scenario A (Low)
	$0
	$0
	$40
	$40

	Scenario B (Medium)
	$0
	$60
	$100
	$100

	Scenario C (High)
	$0
	$100
	$500
	$300


Scenario A envisages that oil and transport fuels are excluded from any carbon trading scheme until 2020, and that costs by then are relatively low. Scenario B envisages that transport fuels are included by 2012, but with moderate levels of carbon prices. Scenario C assumes that carbon prices rise steeply by 2020 in response to emergency measures to reduce global warming, before falling by mid century as new technologies are implemented.
The implications of these scenarios for potential petrol / gasoline prices are shown in figure 6, assuming current excise charges / taxes and exchange rates remain constant. Under Scenario A, prices would fall from their current level of around $1.60 a litre (US $ 4.00 a gallon) to around $1.20 a litre in real terms by 2020, but then rise steadily to 2050, reaching around A $2.20 a litre (US $ 7 a gallon). Under Scenario B, prices would rise rapidly by 2012, reaching A $2.90 a litre (US $ 9 a gallon), nearly double the current price in Australia, and more than double the current price in the US, before levelling off. Under Scenario C, prices would escalate very rapidly, reaching A$5.40 a litre by 2020 (US $ 18 a gallon) before falling slightly by mid century.
Figure 6:  Future Scenarios for Petrol / Gasoline Prices
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Source: Authors

These are of course only indicative of some future potential scenarios, but they illustrate that we could face a very different world in the future, with major ramifications for urban transport in particular.

4
PEAK OIL AND CLIMATE CHANGE STRATEGIES
Energy and Greenhouse Efficiency
Improving energy efficiency and reducing the carbon intensity of energy production is becoming a clear imperative. This applies to all sectors of the economy, including urban transport. 
For cars, options include use of ethanol or other biofuels, shifts to smaller, more fuel-efficient vehicles (such as hybrids) and shifts to all-electric vehicles.  Ethanol is already being sold in Australia in blends with petrol up to 10%, and bio-diesel has been tested and successfully used in varying blends.  These options can reduce oil consumption and CO2, although the degrees of benefit depends on the feedstock used (corn, wheat, sugar cane etc).  However there are some limits on the extent to which such options can be applied in Australia, and indeed more widely, unless cellulosic based production can be made viable (Bezdek, 2007).
Currently available hybrid cars (usually petrol-electric) such as the Toyota Prius are claimed to achieve fuel savings of 50% or more compared with current vehicles.  However, part of the fuel savings attributed to hybrid cars are due to their relatively small size and weight.  For example the Prius is only around 40% more fuel-efficient than equivalent size cars under urban driving conditions (less in non-urban driving).  Similarly diesel-powered vehicles are around 20% more fuel efficient than similar sized gasoline-engine powered cars.  All-electric cars (or “plug-in” electric, powered by batteries recharged from mains electricity) could dramatically oil consumption, but the impact on greenhouse gas emissions will depend on the source of electricity. If sourced from coal, their greenhouse could be worse than current cars.  
In all cases, a limiting factor in the ability of changes in fuel or vehicle technology for cars to be effective is the time to gear up the industry for producing the new vehicles and infrastructure, and the time taken to achieve 100% penetration of the vehicle fleet (the average age of the vehicle fleet in Australia is 14 years). It has been estimated that the cost of replacing all Australian vehicles would be somewhere between $300 and $400 billion. Thus the full benefits of new technology vehicles are likely to take at least 30 years to achieve, and to contribute to substantial balance of payment difficulties. 

Electric rail in Australian cities is much more extensive than in US cities and although it is now at capacity in peak times there is potential to grow quickly if new trains and buses and can be added to the system. For electric powered rail, options to do this with greenhouse efficiency include shifting to 100% greenpower and improving energy efficiency through use of regenerative braking, use of shorter trains for off-peak use, turning off air conditioning systems when not in use etc, all of which can be done immediately (Halcrow, 2006). 
The cost of shifting to greenpower is relatively small – for example Cityrail (Australia’s largest rail operator, accounting for almost half the passenger-km by rail in the country) could convert to 100% green-power for its train operations for an annual premium of the order of $28m pa, or a little over 1% of its total budget. The amount of electricity needed is less than the increment added through new wind farms in Australia each year.
Buses in Australia are powered almost exclusively by diesel or CNG (the Perth system for example is now 80% CNG after a 5 year program).  Options for improving the primary energy efficiency of buses are limited, and should probably focus more on efficient infrastructure and operating conditions than on vehicle-based improvements.  However oil-dependence and CO2 could be reduced by using biodiesel, switching further to CNG, introducing hybrid electric buses, or replacing buses by light rail.

Transport Investment

For the last three decades most urban transport investment in Australia has gone into roads, including motorways and toll-roads. Melbourne had the world’s first fully electronic toll road, and Sydney has built a network of toll-roads in the last fifteen years, while Brisbane (our third largest city) is currently building a series of expensive underground toll-road projects.

Figure 7:  Toll Road  Network for Sydney
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However in the last couple of years there has begun to be a shift back to urban public transport spending. Perth has just completed a $1.6 billion 72 km rail line to the southern suburbs, including two new underground stations in the CBD; Sydney is about to complete a $2.8 billion rail link between Epping and Chatswood, and a number of busways have been built in Brisbane and Sydney. The table below shows a range of projects currently underway or planned.

Table 3:  Urban Public Transport Projects in Major Australian Cities

	City
	Completion Date

	
	Very Short Term (2010)
	Short Term (2015)
	Medium Term (2020)

	Sydney
	Epping-Chatswood Line; Cronulla Line Duplication;

Inner West Light Rail Extension 
	South-West Rail Link; Riverstone Line duplication; 

CBD Light Rail Line; Bondi Beach Light Rail
	North West Metro; Southern Light Rail Line

	Melbourne
	Selected duplication  / triplication works
	Various tram and rail extensions
	New CBD Underground Link

	Brisbane
	Gold Coast Duplication and extension; 

Ferny Grove duplication project;
	Springfield Line; Corinda – Darra Quadruplication; Northern Busway; Eastern Busway
	Cross River and CBD Line; 

Northern Line duplication

	Perth
	
	Extensions to heavy rail

Light Rail network (Stage 1);
	Extensions to heavy rail

Light Rail network 
(Stage 2)

	Adelaide
	Glenelg line extension
	Electrification of some lines
	Completion of electrification program and light rail extensions


Note: Projects in bold are under construction or have been announced by the relevant State Government agencies; other projects or are under investigation or have been identified as having potential. Source: NSW Government (2007); Translink (2007); Authors.
An analysis of the potential for increasing capacity on our major public transport systems (Glazebrook, 2008b) found that there is scope for:
· At least  20% increase in patronage in all cities by the end of 2010

· Doubling patronage in Sydney and Melbourne, and trebling it in Brisbane, Perth and Adelaide, by 2020, provided the projects listed above are completed.

· Accommodating at least one-third of urban passenger travel (measured in passenger-kilometres) across our five major cities by 2020 by public transport, walking and cycling.

Travel Demand Management
TDM covers a range of strategies for reducing total travel, particularly by car, and encouraging a switch to more sustainable modes. Options for reducing total per-capita travel include increasing the price of travel, land use changes, behaviour change programs and measures to restrain car use.

Changing the price of travel has an impact of travel behaviour. The impact of rising petrol prices has already been noted. Petrol is important in terms of driver behaviour, as it makes up a significant part of the “out-of-pocket” costs perceived by motorists when making individual trips (Glazebrook, 2008). Similarly the introduction of tolls on the Cross-City Tunnel and the Lane Cove Tunnel in Sydney following the initial toll-free period was followed by an immediate drop of around 30% in traffic volumes. Congestion charging in cities like Singapore, London and Stockholm has also proved effective in reducing travel by car.  For example Beevers and Carslaw (2005) found a 15% reduction in veh-km in the London Charging Zone following introduction of the congestion charge, and a 12% reduction in NOx and PM10 pollution. 
There are complex relationships between land use patterns and travel (Ewing et. al., 2001). Specific land use changes which could potentially reduce travel include urban consolidation, and achieving a better jobs-population balance. The latter has been identified in the US as a way to reduce car-kms for commuting (Cervero and Duncan, 2006). 
However the situation elsewhere may be complex, as shown by Filion (2001) for Toronto, or by the experience of Canberra which has the highest per capita transport energy consumption in Australia despite a plan based on separate towns each with their own centre. In the case of Sydney, any reduction in the proportion of metropolitan jobs which are located in the CBD is likely to prove counter-productive from a petrol and greenhouse perspective given that public transport modes shares for CBD jobs are in excess of 70%, much higher than to other locations, where they are generally 10-20%. 
Hence the focus for decentralisation of white collar jobs should be to create a small number of secondary CBD’s which can have their own strong transit networks.
5
LIKELY IMPACTS
In order to test the potential impacts of such policies on urban transport-related energy use, oil use and greenhouse gas emissions, a case study of Sydney was examined. Two alternatives were explored, a “business as usual” scenario and one using a comprehensive strategy of travel demand management, mode shifts and energy efficiency measures – see Table 5.
Table 5: Alternative Futures for Sydney
	Future
	“Business as Usual”
	“Comprehensive Strategy”

	Population
	
	

	2006
	4.2 million
	4.2 million

	2020
	5.0 million
	5.0 million

	2050
	6.0 million
	6.0 million

	Pass-km per capita
	No change
	10% reduction by 2050

	Share of pass-km
	
	

	By car
	Slight increase (83% in 2008 to 85% by 2050
	Reduce to 64% by 2050

	By train
	Slight reduction (9.5% in 2008 to 8.5% in 2050)
	Increase to 19% by 2050

	By bus
	Slight reduction (4% in 2008 to 3% in 2050)
	Increase to 8% by 2050

	By walk / cycle / scooter
	Constant at 3.3%
	Increase to 9% by 2050

	Total Pass km by car
	46% increase
	1% decrease

	Energy Efficiency
	
	

	MJ / pass-km by car
	Constant
	25% reduction by 2050

	Percent from Oil for car
	Constant
	Reduced by 20% by2050

	CO2 per MJ for car
	Constant
	Reduced by 20% by 2050

	Train
	Constant
	100% greenpower from 2012

	  Bus
	Constant
	100% biofuels by 2050


Source: Authors
Figure 8 below shows the difference between continuation of trends over the last two decades (“business as usual”) with an alternative future based on comprehensive strategies to manage travel demand, shift to more sustainable modes and improved efficiency within modes. 
Figure 8:  Impact of Alternative Futures
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This indicates that whereas a business as usual approach would lead to more than 40% increase in energy, greenhouse and oil use for urban passenger transport in Sydney by 2050, the alternative future would lead to an 18% drop in total energy and a 40% drop in CO2 and oil use.
The alternative future would also hold traffic volumes at close to current levels despite the significant population growth of over 40% by mid century which is expected for Sydney.

The assumptions made in terms of behavioural change, mode shift and efficiency enhancements are not considered extreme, although they represent a shift from past trends. However in combination they make a major difference. 

For example:

· In terms of behaviour change, a number of “travel smart” and other voluntary travel behaviour change programs in Australia have demonstrated reductions in per capita driver trips of between 8% and 14% (Brog and Ker, 2008).

· In terms of mode shift, the rapid growth in public transport patronage and the declines in car usage which have occurred in Australian and US cities in the last 12 – 18 months, in part in response to petrol prices which have so far only reached around A$1.60 per litre (US$4 a gallon), suggest that a reverse of the long term move to the car is possible and indeed likely given the potential fuel price scenarios outlined in section 3.
· The efficiency assumptions are also considered realistic given the shifts which have recently begun towards hybrid cars, plans by major manufacturers such as Toyota and GM to move to electric plug-in vehicles, and the potential for greenpower for rail – based systems.

· Finally, the benefits should be even greater than estimated here, given that analysis of city efficiency indicates that total travel by car will fall faster than growth in public transport use (Newman, 2008;  Newman, Kenworthy and Glazebrook, 2008). This is because cities adapt to new paradigms of transit oriented development and the phenomenon of transit leverage occurs (trip chaining and more walking and cycling as well as people shifting residence or jobs).

6
POLICY IMPLICATIONS

Clearly it is feasible to make a major shift in the trajectories of oil use and CO2 emissions for transport in our cities, even by 2020, with very significant changes possible by 2050. However a combination of policies will be required to move our cities’ transport systems to a more sustainable basis. 
In terms of economic impacts, there would clearly need to be a major shift of transport infrastructure investment priorities, away from roads and towards public transport and facilities for walking, cycling and the use of small electric scooters and other personal mobility devices.
This in itself should produce major savings in road construction and maintenance costs. In addition, there will be substantial economic benefits from reductions in the use of land for parking, as well as other externality costs such as congestion, air pollution, obesity and accidents (Glazebrook, 2008).  Reductions in costs between development built around transit systems and development built around car systems has been assessed in Australian cities - for each 1000 dwellings there would be an extra $86 million in up-front infrastructure costs and $250 million in annualised transport costs for the car dependent development (Trubke, Newman and Scheurer, 2008). 
Finally in terms of equity, Australian cities like their US counterparts are increasingly characterised by a spatial structure with higher income groups moving back into the inner, most accessible suburbs, and the lower income groups being forced to lower priced housing in the outer suburbs. This provides a major political challenge to governments wanting to address the challenges of peak oil and climate change, for example by incorporating petrol within a carbon trading regime. While the new petrol price regime will undoubtedly encourage more compact forms of urban development, with beneficial environmental outcomes, it is not politically viable to abandon those living in the outer suburbs – public transport options will have to be improved for these locations to provide alternatives for their inhabitants. 
This will mean extensions of the rail and bus networks into those areas, as well as a more flexible approach to the concept of park and ride – to extend the catchments of the principal public transport systems beyond the walking catchments. Perth’s new Southern Railway has shown that this can be done and that in a time of fuel scarcity it will work. The new railway was filled to capacity at peak times within two months of opening and now carries 40,000 people a day where the bus system it replaced carried just 16,000. 
Climate change began to shift our thinking on urban transport. Peak oil is now strongly reinforcing that shift. The only question is which cities will move fast enough to stay ahead of the wave.
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