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Before we get started
a pressing matter….



Question 1:

“Which direction is 
north in Australia?”



Question 2:

“Can you give me some 
information about hippo 
racing in Australia?”



Question 3:

“I have developed a new 
product that is the fountain of 
youth. Can you tell me where 
I can sell it in Australia?”



Question 4:

“Can you send me the 
Vienna Boys' Choir 
schedule?”



Let’s focus the discussion….
Metropolitan urban areas (developed 

countries)

Marginal growth and planning paradigm

We seek first to understand, then ‘forecast’, 
then implement

Doing the same will produce the same……



Objectives…..
• Identify determinants of transport sustainability

• Use fundamental principles to build a platform 
for a ‘sustainable’ way forward

• Discuss essential tools for becoming more 
sustainable

• In the process, highlight the “state of the 
knowledge”, even the unsavory

• Review decision making processes, and propose 
a way forward



Determinants of Transport 
Sustainability
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Fundamental Principles:
for informing sustainability



Tragedy of the Commons

The tragedy of the commons is a dilemma 
arising from the situation in which multiple 
individuals, acting independently, and 
solely and rationally consulting their own 
self-interest, will ultimately deplete a 
shared limited resource even when it is 
clear that it is not in anyone's long-term 
interest for this to happen.

Wikipedia



Tragedy of commons (cntd.)
“The benefits of exploitation accrue to 

individuals or groups, each of whom is 
motivated to maximize use of the resource to 
the point in which they become reliant on it, 
while the costs of the exploitation are 
borne by all those to whom the resource is 
available (which may be a wider class of 
individuals than those who are exploiting it)”

Daniels, 2007.



Evidence of “tragedies”

• The world’s fish population
• Global warming
• Nuclear proliferation
• The use of fossil fuels
• Transport systems in 

populated/growing urban regions



What we know about 
optimization

Congestion

Air Pollution



Induced demand, suburban growth, 
& travel

“Congestion relief, however, does not 
necessarily make for a sustainable and 
livable metropolis. Thus residents of 
places that are able to build themselves 
out of traffic congestion might not 
necessarily like what they get”. 

Robert Cervero, 2003 





Message from fundamentals
• ‘Commons’ need to be effectively managed, 

not necessarily privatized

• Transport models reveal time and again that 
‘individual’ and ‘system’ optimums are not 
the same (e.g. travel time) 

• Transport systems are complex, multi-
objective optimization problems



Message from fundamentals (cntd)
• ‘Multiple objectives for the transport system 

necessarily means living with sub-optimal 
solutions measured on an individual criterion

• Transport infrastructure and policy decisions 
will differ by value priorities given to 
externalities 

• It is difficult for the general public to 
comprehend sub-optimal solutions



Essential tools for becoming 
more sustainable



Essential tools……
1. Understand travel behaviour
2. Economic
3. Active transport
4. Public transport
5. Land use policies
6. Technology
7. Travel demand management
8. Alternative fuels/renewable energy
9. Efficiency improvements



1. Understanding 
travel behaviour



How people in Brisbane travel

Burke and Brown, 2007



Understanding Individuals 
• The field of travel behavior research 

continues to evolve

• Understanding ‘trip generation’ is not 
sufficient for exploring fundamental issues of 
transport system change

• The fundamental unit of understanding is 
‘activity fulfillment’



Understanding Individuals (cntd) 
• To understand reactions to sustainable 

transport solutions we must understand:
– Activity fulfillment needs and markets
– Household structure and dynamics
– Residential location decisions
– Vehicle purchase decisions
– Elasticities to price, travel time, income, 

congestion, parking availability, perceived safety 
and security, etc.

– Attitudes, preferences, and motives



Elasticities inform us about trade-offs between modes……..



2. Harnessing 
economic tools and 
theory



Several generally accepted 
economic truths…..

• The full social costs of motor vehicle travel 
and not borne by users

• Auto use is subsidized by governments

• Price signals are generally under-utilized to 
assist in transport sustainability objectives



Most 
comprehensive 
study to date 

on motor 
vehicle costs

Delucchi, 1998 revised 2004

Non-monetary externalities of motor 
vehicle use, 1990-1991. US $Billion



Costs of oil use…..



Other economic tools—pay as you 
go driving costs

The bulk of price signals that most motorists 
receive are fixed (insurance, capital cost of 
vehicle), which encourage use. 

Out of pocket, or pay-as-you-go (PAYG) 
expenses, such as petrol, parking, and tolls, 
encourage thrift.

Innovative policies that shift costs from fixed 
to PAYG may be instrumental in reducing 
high impact travel. 



Market segments and price signals

“Identifying the behavior within sub-groups that 
are most sensitive to pricing signals would 
enable traffic authorities to implement 
strategies to achieve more efficient results 
than those obtained when viewing travel 
demand from an aggregate perspective.” 
Hensher and Puckett (2006)



Economic tools……summary
• Much more can be done with economic 

tools
• PAYG schemes, parking pricing, full social 

cost pricing, variable cost tolling, and 
subsidies to more ‘sustainable’ modes all 
reveal promise 

• Equity issues remain a challenge with 
economic tools



3. Heavy focus on 
active transport



What we know……

• Short travel distances are conducive to 
active transport

• Wait time = 3 to 4 x time weight while 
moving

• Safety and security are paramount
• Continuous, coordinated, and contiguous 

are key features
• Esthetics and pedestrian scale are keys



Typical walking distances 
(Brisbane, 2003-4)

Burke and Brown, 2007



How to motivate mode shift
• Behavioral change programs at target 

markets (see Taylor and Ampt, 2003)

• Provide coordinated, safe, secure, 
pedestrian/bicycle infrastructure (including 
work trip end facilities)

• Provide monetary incentives (perhaps cross 
subsidized)



motivating mode shift (cntd)
• Identify different user markets and activities 

used for walking/bicycling

• Recognize time sensitivity of mode (minimize 
wait times)

• Give pedestrian/bike priority over higher 
social cost modes



4. Offering 
competitive, safe 
public transport





Transport use impediments
• Household demographics and complexity 

influence transit use
• Urban sprawl (dispersed origins and 

destinations)
• Multi-income households and the need to 

‘chain’ trips (e.g. daycare, grocery shop, dry 
cleaners, etc.) deters transit use (see Hensher and 
Reyes, 2006)

• Travel time is key—it must often be superior 
to the private auto to be viable



Things to consider……
• Public transport and land use integration is 

key
• Recognizing the trip-chaining aspect of 

activity fulfillment can help shape land 
use/transport policy

• Designated bus ways/bus rapid transit is 
key (to be time competitive)

• Safe, clean, and secure are critical 
characteristics



5. Sensible 
coordination of land 
use and transport 
policy



Debates rage on regarding the 
exact nature of the relationship 
between land use and transport

One thing is clear, they are 
mutually endogenous (co-

dependent)



Edge cities, suburban centers, 
urban growth boundaries, smart 

growth, urban in-fill, etc.



Land use, density, and transit 
oriented development

“A new transit-oriented development could make 
jobs or non-work activities accessible via rail 
or bus to more residences without increasing 
the time price of auto use. Such a change may 
increase alternative mode use only slightly, if 
at all. But if road design standards are 
relaxed, if network load density also 
increases, and in turn road speeds decrease, 
auto mileage may decline, particularly if transit 
and walking options are available. Policies 
aimed solely to make things better for walkers 
may not reduce driving.”

(Chatman, TRA 2008)



Land use characteristics
“Network load density, activity density, built 

form density, and pedestrian/transit-
oriented design are not always highly 
correlated with each other in new 
development. Research failing to control 
for each may erroneously conclude that 
high-density developments will reduce 
auto use, when whether this will happen is 
clearly dependent on the particular details 
and context of development.”

(Chatman, TRA 2008)



Things to consider……
• Land use and transport planners need to be in 

the same room, often.
• Planners need to be made more aware of 

complexity of activity fulfillment and 
impediments to travel and mode choice

• Engineers need to pay more attention to non-
auto modes 

• More research is needed on identifying 
successful TOD



6. Harnessing 
technology



Two sides of technology



Technology has a MASSIVE 
role to play

• Improving safety and security
• Improving network efficiency (loads of 

applications)
• Replacing trips (video conferencing, telework)
• Improving efficiency of motors
• Pre-crash avoidance
• Traffic management applications



7. Effective management 
of transport demand



Federal, state, and local 
governments can 

influence travel demand 
through a variety of policy tools



Transportation Demand Strategies



TDM Strategies……..
The success of any TDM strategy critically 

depends on the size and strength of the 
political constituency who support its 
implementation.

The right mix of TDM strategies at employment 
sites can reduce vehicle trips by 30% to 40%. 

Some level of incentive or disincentive must be 
present in order to change travel behavior. 

(Source: Meyer, TGA 1999)



Estimated travel impacts of TDM……



Road Pricing: A particular 
promising TDM Strategy

“Regardless of what regime currently exists and 
what the future holds for existing funding 
sources, there is a growing recognition that 
we need to realign the revenue streams to 
better reflect the use of the road system.”

The basic ingredient to successful future 
adoption of area-wide TDM actions is to link it 
to broader goals that the public can support.

Hensher and Puckett (2006)



8. Developing 
Alternative Fuels and 
Renewable Energy



Alternative fuels need to be 
developed, tested, and adopted, 
with fleet vehicles as particularly 

well suited early adopters



Woodcock et al, 2007



Woodcock et al, 2007



Things to consider……
• ‘Cradle to grave’ analyses need to be carried 

out for all alternatives considered
• Impact to the energy grid is non-trivial for 

widespread electric vehicle use
• Fuel creation, storage, and distribution are 

critical issues moving forward
• Renewable energy sources (wind, solar, 

thermal, wave, etc.) will be key



9. Efficiency Improvements



QUT SMART Transport Centre

• Real-time and predictable traveller 
information 

• Intelligent transport systems for enhanced 
management of motorways and arterial 
roads 

• Passenger transport information 
• Large-scale hybrid simulation 
• Sustainable traffic data management and 

provision 



A way forward……



How transport 
decisions are made….



Whether we like it or not……
• A large proportion of major transport 

investment and policy decisions are informed 
by “models” of the transport system

• The models in use today were developed in 
the 60’s, and have been marginally improved 
ever since

• We know that outputs of these models are 
insensitive to some of the most important 
factors needed to shape a sustainable 
transport future……………



Model insensitivities……..
• Ability to forecast penetration of products not 

in the marketplace
• Inter-relationships between household 

members in travel decisions
• Feedback of transport investment on 

residential location decisions
• Feedback of transport investment on 

commercial location decisions
• Supply-side variables in activity generation



Model insensitivities (cntd.)
• Ability to predict mode shift for active 

transport modes as a function of mode-
specific infrastructure

• Poor ability to capture peak spreading 
effects of TDM policies

• Poor information on land-use relationships 
with travel, health, etc.

• Inability to predict full range of metrics 
across spectrum of policy and investments 
options
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The way forward
• Time to consider supporting an Australian 

model development effort (multi-researcher, 
multi-institution)

• Research grade model with state of the 
practice methods (econometrics, revealed 
and state preference methods, new data 
collection support, etc.) for informing policy 
and transport investment decisions 

• Models developed for all major metropolitan 
areas



And finally, back to more 
pressing matters….



Question 5:

“Can you please send a list of 
all doctors in Australia who 
can dispense rattlesnake 
serum?”
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