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By the late 1960’s, humanity had begun to realise the impact that urbanisation and
development in the post World War Two economic boom was beginning to have on
the environment. Increasing community concern leading to the elevation through
national levels of government and international discussion and resolutions.

To defend and improve the human environment for present and future generations
has become an imperative goal for mankind-a goal to be pursued together with, and
in harmony with, the established and fundamental goals of peace and of worldwide
economic and social development
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Principle 1: Man has the fundamental right to freedom, equality and adequate
conditions of life, in an environment of a quality that permits a life of dignity and
well-being, and he bears a solemn responsibility to protect and improve the
environment for present and future generations. (p. 1)
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Principle 2: The natural resources of the earth, including the air, water, land, flora
and fauna and especially representative samples of natural ecosystems, must be
safeguarded for the benefit of present and future generations through careful
planning or management, as appropriate. (p. 1)
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Principle 15: Planning must be applied to human settlements and urbanisation with
a view to avoiding adverse effects on the environment and obtaining maximum
social, economic and environmental benefits for all. (p. 1)
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Report “Our Common Future” in 1987 which made it clear that the world’s current
pattern of economic growth was not sustainable on ecological grounds and that a
new type of development paradigm was required to meet the foreseeable human
needs

development was often a pattern of rapid depletion of available resources, rapid use
of the ecological capacity and an increasing gap in share of the development
benefits between the developed and undeveloped world.

The Report introduced the concept of sustainable development, defining it as
‘development that meets the needs of the present without compromising the ability
of future generations to meet their own needs’
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By 1995, at the World Summit on Social Development, in Copenhagen the inter-
relationship between the economic, social and environmental components of
sustainable development were being thoughtfully discussed, coming to this
conclusion.

Three interdependent and mutually reinforcing components: economic
development, equitable social development and environmental protection
(stewardship) became known as the so-called "three E's" of environment, economy
and equity. These became the interdependent and mutually reinforcing pillars of
sustainable development at the 2002 World Summit on Sustainable Development
(WSSD) in Johannesburg (United Nations, 2002), where Agenda 21 was reaffirmed
by member countries.

also known as triple bottom line

The United Nations World Summit for Social Development held at Copenhagen in
1995 identified that the physical sustainability implies a concern for social equity
between generations, a concern that must logically be extended to equity within
each generation
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The United Nations General Assembly, and United Nations agencies to facilitate
sustainable development saw that they needed to provide supportive roles but the
effectiveness depends on the actions of national governments, who have the prime
responsibilities and were encouraged to lead and set up institutional arrangements
that facilitated sustainable development in their own countries.

A patrticular role and function for the United Nations Commission on Sustainable
Development is to provide a forum for consideration of issues related to integration
of the three dimensions of sustainable development.
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The interrelationships between the three pillars of environment, economy and equity in society
stimulated various debates in Australia about the relative importance for these pillars and which was
the more important pillar .

These figures represent some of the variations in thinking on the equivalence of each of the pillars.
For example whether some pillars are more important then others or whether while each pillar is of
equal importance, the ecological pillar has absolute constraints providing the framework in which the
other pillars need to fit.

The appropriate equivalence may vary with the community and the values that the community holds.

Often the natural and social systems are assumed to be in equilibrium.

However, in practice accumulated changes can result in a vulnerable system where additional
change can shift the system into instability.

Resilience in a system instead can provide the system with capability to recover from shocks rather
than be brought to a point of vulnerability. Researchers such as Walker and Salt (2006) are
endeavouring to understand the existing resilience in natural and social systems.

Understanding these characteristics could define some limits on balancing the three pillars of
sustainability.
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Community concern throughout the developed world over the past thirty five years
has lead to the elevation of environmental degradation and social equity concerns to
national and international levels. The concept of sustainability has gained popularity
through the course of these events and come to be defined in terms of sustainable
development, with clear goals of environmental stewardship, social equity and
economic efficiency. Action needs to be led at the national level for each country.

A need for a holistic, integrated approach to the assessment of the three pillars of
sustainability (environmental stewardship, social equity and economic efficiency) is
recognised as a challenge that continues today.
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Various United Nations reports emphasise that the world's economic system is
increasingly an urban one, providing the backbone for national development. The
1992 United Nation’s Agenda 21 identifies that rapidly growing cities, unless well-
managed, face major environmental problems.

The centrality of urban form, transport and the interactions with communities, to the
question of sustainability in cities, is demonstrated in the responses from
governments, non government organisations and the academic researchers over
the past 15 years. Governments have initiated various programmes to provide
frameworks, requirements, implementation support and methods of monitoring
progress towards sustainability. Understanding of interaction between urban form,
transport and community has been shown to be essential for meaningful
interpretation of performance of the three pillars of sustainability.
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Overall - -
objective Sustainable Transportation

+
Sustainable Economy Sustainable Environment Sustainable Social

Global objective Local and regional objective

Fossil fuel Global Local Other
depletion ‘warming pollution environment

Sub-objective | Attribute Sub-objective | Aftribute Sub-objective Sub-objective | Attribute

Min. fie! Barrels/ Min. CO, Gram per Min. NOx Min. Noise dBA

consumption | year capita
Min. CFC Min. CO Min. Accident | persons/
km

Min. VOCs Min.
Congestion veh/km
Min. PM,,

lack, et al, 20022, p. 191) Min. Land

hectare

Transportation an integral part of the urban structure. A view on objectives that lead
to sustainable transportation



Fuel depletion and

Noise, local air
pollution, accident,

Behaviour

VKT, trip length,
preference, %opublic

*

No of trips by car,
public transport,
‘walking and cycling

Mixed-use

l—_-j [

LGAs scale Socio-economic
urban form factors
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The importance of participation between government, non government
organisations and local community is seen in the following extract from the United
Nations 2007 report on the state of the world’s population
(http://www.unfpa.org/swp/2007/english /chapter_6/ preparing.html, Jan 2008):
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Let’s Change the World through
Local Community Action.

Creation of our own

Community building by Success Stories
Local Government

» Y .
W v ¢ w . i F
E Individual Actions Community Building by

Lead to Regional Change 5 Partnership
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Visioning

An example of this is the “Accessible City” strategy (Sydney City Council, 1995).
The approach differed from previous strategies by the Council in that it approached
the whole transport question from the point of view of accessibility, not as only one
of a number of objectives. The first steps were to visualise the city as it should be in
terms of ease of access, both moving about within the city and in relation to getting
to the city from neighbouring communities and regions. Sydney City Council used
accessibility to first shape the city form scenario it perceived the community would
like to see, that is to visualise it and only then looked at strategies and programmes
to form the framework for the years ahead.
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The aim of the Government’s sustainable communities program is “to put into effect
a planning policy framework for more sustainable living that draws on the inherent
qualities of Canberra and builds a greater sense of place, spirituality and
responsibility’.

20



Canberra vision:

A series of objectives are derived from major drivers of change, as shown in this
figure

Under each of the drivers of change are a set of objectives grouped under Built
Form, Urban Ecology and Community

The Figure identifies these interrelationships between the various elements of
Canberra’s form and urban systems.

Allows for a diversity of land uses and encourages enterprise, innovation and
increasing self-sufficiency within the local community;
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Key Directions and QOutcomes for
a More Sustainable Blue Mountains

Sustainabili

Outcome

2
ty

LOOKING AFTER ENVIRONMENT
The Blue Mountains natural emironment
is protected and conserved

The impact of existing and new development

on the environment is
Elue Mountains people lve sustainably
in harmany with the emironment

LOOKING AFTER PEOPLE

The heaith and well being of Blus
Mountains people are improved
Services and faciities ara accessible.
are faily distributacd

Elue Mountains communities

are safe, caring and inclusive:

USING LAND FOR LIVING

A strong sense of local identity
arel place s created

Well managed infastructure
supports sustainable living

‘The liveability and vibrancy of our
‘towns and villages are strengthened

'WORKING AND LEARNING

The local economy is strengthened
and diversified

The Blue Mountains is a model

for sustainable business and industry
A culture of lfe long leaming is
nurtured in the Blue Mountains

LOOKEING AFTER ENVIROMMENT

The Blue Mountains natural emaranment

is protected and consemnved

The impact of existing and new development
on the emvironment is managed

in haimeny with the ervitonment
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Community aspirations: 40 years of generational experience of city growth,
environment and livability stressing>>>>> community by and large share the desire
for sustainability>>> community and government together are developing visions of
sustainability in their cities.
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Climate Change: A new imperative for sustainability responses, the clock is ticking. Need to respond is setting an
urgent timeframe for cities to act.

July 09 Marseille Symposium set an urgent agenda for cities to respond to climate change. Sustainability responses for
mitigation and adaptation must accelerate to avoid major risks. The symposium set the challenge for practitioners and
researchers to work together to empower cities and their governments with the funds, the tools and the mentoring to make
the responses needed.

Nov 14 2009 Nagoya Symposium concluded that transport needs to be incorporated into the post Copenhagen Climate
Change processes. Presently it is not on the agenda. It is a time to bring together the efforts of the transport community with
the efforts of the those focused on wider city level responses. Backcasting seen as an imperative by ADB.

Discussions around Cop 15 are the beginning point for some important years of cooperative effort.
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Measure Benchmark

Enhance Liveability In 2005 Sydney ranked 8 out of 260 cities in the
Quality of Living Survey with an index of 105.

Strengthen Economic

In 1998-39, Sydney produced 23% of Australia’s value
Competitiveness

added wealth, totalling $120 billion.

Ensure Faimess

minutes by public transport

During five years from 1884 to 199, the
Environment emvironrental footprint of Sydney's
i i by 16% to 74+

Improve Govemance Budget Paper 4 responds to transport and
infrastructure prionties as identified in the State
Infrastructure Strategy.

- -

TABLE 7 METROPOUITAN STRATEGY PERFORMANCE — MEASURES OF SUCCESS

Sydney Metropolitan strategy gives an indication of the goals at a high level and
some indication of measures and targets.



Table 1: Performance Measures of Sustainable Transportation
Swatainability L Suctainabilic Objecrives and Lapzets Eozzible Perfonmance indicators
sdpect Lo
Environmental Climate Change ®  Faduce zir emission contributing to the *  GHG emissions from all transpest (CO.).
Aspects ‘Air Quality Air Pollution atmosphere from all forms of ansport S gy o eizzions of air pollutants &rom roads transpont (VOCz, NO).
* E‘;E the air quality mmpacts enhuman |, g quality levels or exceedances.
g +  Number of vehicle registrations.
Land Use and Infrastucture ©  Sustamable use of land released for e Urban land use per capita.
Plamning fransportation. s Urbanland use by size class and zens.
o  Enhance the interrelations between wrban |« Land use mix (per cent walking to work; ratio of jobs to exployed labor
design and sustainable transport system. forea).
o Reduce travel length and travel cost (both | Travel and modal split by rban zone.
time and sconomic cost) by proper o Length of paved roads and sustainable infastructure.
plamning and manazement »  Tiensit seat-kilometres per capita.
Negative Environmental lmpacts | ¢ Declease consumption of other mineral | #  T1ansport effects on ecosystem health
and capital resources in transportation. +  Prosimity of infrastructure to sensitive areas, and ecosystem fragmentation.
equipments and infrastructures. o Waste fiom 1oad fransport.
o Minimise adverss impacts on natural «  Water Pollutions (wastes discharge into seawater and frechwatar)
habitats and ecosystems
Innovative Technalozies of o Incraaze the use of altemative fuels. s Index of energy intensity of cars and trucks.
Transportation Fuels o FRaduce the use of fossil fuels. +  Index of emissions intensity of the road-vehicle fleet.
*  Sustainable use of non-renewable * % of alternative fuel vehicles in the fleet.
resources. * % of passenger-km and tonne-km fuelled from renewable energy.
o Enhance automohile ensrey efficiency
Social Apects FRoad Safsty o Maximise road safety. « Index of casualties (killed or senously injured, and shght) for all velicle
®  Minimise car accidents. classificabions,
®  Raduces the no. of fatal and serious s Number of paople killad or zeriously injured in road wraffic collisions.
injured accidents from car crash. +  Number of children (azed under 16 vears) killed or seriously injured in road
traffic collisions.
+  Number of crime meidents at transport interchanzes
“Accessibility to Public Transport | ®  Satsfy community demands for public | »  User safing.
transport. «  Transport diversity.
*  Encowage community to use public +  Inclusive planning.
ftransport and reduce the usage of
automobiles.
o Provision of diverse forms of public
fransport (including light rail)

Transport Canada likewise gives guidance on goals (objectives) but also links these

to issues and to the three broad pillars of sustainability in environmental
stewardship, social equity and economic efficiency.
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Protection o thelenvironment
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These are well recognised city wide goals for Sydney.
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Moving from vision to options first requires
Defining the goals for the city as a whole

Setting targets for these goals needs to be largely defined for each city by that
community itself (with the assistance of the planning profession) Exception where
more global action is needed i.e. Greenhouse............... also need to recognise
absolute limits of environment....resilience perspectives...... where accumulated
changes can result in a vulnerable system where additional change can shift the
system into instability.

Unpacking these goals to more specific lower level goals>>>>>>
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Unpacking these goals to more specific lower level goals: relating to individual
community sectors and their needs and identifying specific goals as requirements
for parts of the urban system and sectors of the city, For the part of the system
being planned identifying these requirements is easier if first identify the functions it
is expected to deliver, putting a boundary around the contribution the system part is
able to make towards the higher level goal.
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Whilst community and government have been able to develop shared visions for the
character of the cities into the future and suggest the goals and options, community
participation beyond this has been limited.

When it comes to the question of which scenario should be selected, there is little
scope for government and community to interactively shape the choice. This risks a
disconnect between community and the planning agencies beyond this point.

Without quantifiable assessment methods, the connection between scenarios and
sustainability outcomes are extremely subjective to the point where little benefit may
come from public discussion.
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Use the sustainability requirements but assess the city wide sustainability
performance change.

Use building block methods of transport planning to provide the analytical basis and
traceability to the levers that drive sustainability.
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Improving the visibility of these connections for community and decision makers
alike will increase the opportunity for better choices and community ownership of
the options that are to be progressed.
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Optimal Scenario

Base Case Urban Scenario 1

(Rich data) (base case)
Sustainability
Framework

nv/Social ‘systainabi
Function ~ Sustainabilty " otric
etric

Typology M

Other Cities data

Base Case
(Poor data)

Sustainability Responses in Cities requires new directions........ Trend Breaking
Scenario planning! Scenario Optioneering and Backcasting is becoming a favoured
technique in meeting this Challenge. As the name implies, this is about not
necessarily planning by extrapolation of business as usual trends. Rather, it is
planning for sustainable scenarios that may be different to past trends. Said more
plainly, the transport infrastructure, urban form and policies may need to be different
to what we have now.

The World Conference on Transport Research (WCTR) in Lisbon 2010 raised the
need for evidence based assessment tools to underpin scenario optioneering &
backcasting.

An Initiative discussed at the WCTR session led to a number of research bodies
and individual researchers expressing interest in collaborating in efforts to enable a
Strategic Scan methodology to develop to fill this need. The principles are shown in
this figure

Backcasting will help formulate a sequence of policy packages or actions to achieve
the most desirable future.

A land use/transport scenario assessment model provides a methodology that
informs the visioning and backcasting process with simple visualizations to give the
evidence basis to the scenarios being assessed.
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Underpinning this strategic methodology is a sustainability framework, formulated to bring not only
the three pillars of sustainability together, but also a holistic consideration of the urban system, the
urban dynamics and the resulting sustainability performance.

This framework is represented by this figure, showing the interconnection between the urban system
elements, the urban dynamics and identifying the three pillars of sustainability. This framework lays
out the frame points for ensuring that the systems elements and interactions that drive the
sustainability performance of the city are visible and measured.

The “Urban System” is the physical aspect of the framework, consisting of the “Urban Form” and
“Transport” elements which define the structural configuration of the city. Interaction between these
two elements shows their interdependencies. “Urban Form” is characterised by density and spatial
distribution of land-use. “Transport” on the other hand is characterised by the transport network
spatial layout and the specific mode characteristics.

The system function is to provide for the needs of the community (including industry). Response by
the community to the “Urban System” produces interactions — the selection of location of residence
and workplace, industry and travel patterns, and so on. These interactions are collectively known as
“Urban Dynamics”. It is an iterative process as indicated by the circular arrow having feedback effect
between each element.

The resulting “Urban Dynamics” outcomes generate the sustainability performance in terms of the
three pillars included as elements in in the figure. Each pillar has a feedback to the “Urban Dynamics
and consequently the “Urban System”. This is indicated by the double headed arrows.

Under climate change Environmental Stewardship is a measure of greenhouse gas emissions. Social
equity ?nd economic efficiency can be usefully indicated by accessibility to work and workforce for
example.

By starting with our visions and the constraints now needed to avoid climate change risk, we can use
the framework in both a downward and upward flow to help identify system and policy packages.
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Environmental
Sustainability goal

Accessibility goal

Environmental
Sustainability

Accessibility

For a scenario of system changes and policy packages, the city wide trip matrix can
be estimated. The trip matrix consists of each travel zone origin and destination pair
resulting from the changes. For each pair the sustainability performance can be
estimated in measures of the three pillars. Sustainability aims for mutual
achievement of good outcomes in each of the pillars. With environmental
sustainability — accessibility space, the mutuality can also be assessed. The
position and spread of the origin-destination pairs gives an effective view of the city
wide differences in performance.
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Figure 11 Sustainability high risk map

Visualisations such as these in combination with backcasting has the potential to
involve community into the development and assessment of system scenarios and
policy packaging. More examples and details are shown in the following slides.
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Existing visualisation methods using GIS and graphical displays illustrate the value
of visual metrics in communicating urban dynamic outcomes and sustainability
performance. Visualisation using GIS techniques is proving to be effective in
displaying complex information in a simple but meaningful way
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Environmental Sustainability goal

Accessibility goal

Environmental
Sustainability

Accessibility

sustainability metrics, using visualisations in “environmental sustainability —
accessibility space” can be generated. These visualisations display a social spatial
equity form of accessibility in a metric indicating the accessibility to jobs for workers
from their place of residence. Visualisations for measures of environmental
sustainability and economic efficiency focused accessibility (the first and third pillars
of sustainability) were also produced.

The metrics have been developed based on the concept of a sustainability goal in
“environmental sustainability — accessibility space”. Figure 4 illustrates this spatial
concept and the idealised performance goal. A city’s transport related sustainability
performance can be quantified and visualised in a detailed but simple manner by
collectively plotting in this space the points for different locations in the city. Each of
these points represents the environmental sustainability and accessibility
performance for a specific origin and destination location pairing. For a city divided
into travel zones, each origin and destination zone pair has an environmental
sustainability characteristic and an accessibility characteristic.
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Five Zone Example

1.00E-05
+ Zone Pair1,2
m Zone Pair 1,3
A Zone Pair 1,4
m Zone Pair 5,2
+ Zone Pair 5,3
A Zone Pair 5,4

Environmental Sustainability
(Inverse CO;-¢)

1.00E-07
1E+01 1E+02 1E+03 1E+04

Origin RAW Accessibility (jobs / minutes)

Notes:

Origin RAW. Accessibility/is defined!as  the accessibility tojobs atia destiativnizoneniiz) fiom: an originl zone (i) calculated by dividing) the total
atg‘actlons from) all origin zonesito iZj| by the tiansportimpedaneentommzito iz Units are o rkers/ fminutes) WhErEWOTKers alie a) proxy fol
jobs.

Envirenmentall sustainability/nieasure s defined asitheinverse o COREmISSions fiom tie total IN/AtHPSIbEWEER Zone pairs) including an)
allocation of emissions from manufacture of Veliicle and road infiastiliciirestisisicalculated! a5 aisimior the carbon dioxide eguivalent (Co2-e);

per unit trip km at/the avera?e speed withithe shortest patiifthiplengtii and numbERoRtips: Al carbonidioxde equivalent (COZE) s calcllated
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The simple five zone example provides the fundamentals of the concept. The
scatter plot shown shows the sustainability performance against the desirable trend
in sustainability. A shift to the top right hand corner and a limited spread in
accessibility is identified as the theorised optimum.



Sustainable Accessibility Metric

:
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Each of these visualisations provide insight into the position, spread and internal
frequency trends for a city’s urban sustainability pillars of environmental
stewardship, social equity and economic efficiency.
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To give a greater degree of visualisation of the data sets, the “environmental
sustainability — accessibility space” was divided into a grid and plotted as a prism
map with the frequency in “environmental sustainability — accessibility space”

Through these three dimensional visualisations of the data sets, a number of
additional differences between each set become visible.
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Figure 9 Sustainability risk matrix

These metrics can also be applied in a way that expresses sustainability
performance in terms of sustainability risk. High risk where sustainability
performance is poor, indicated by low metric values. Low risk where sustainability
performance is satisfactory, indicated by a higher metric value, above a community
accepted minimum target.

The grid concept can be likened to a risk matrix allowing each zone pair to be
assigned a sustainability risk rating (Figure 9). This sustainability risk rating can
then be plotted onto geographic space using geographic information system (GIS)
thematic mapping. Figures 10, 11&12 illustrate some examples of visualisations in
geographic space.
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Figure 11 Sustainability high risk map

Figure 12 Sustainability Low risk map

For community and decision makers these visual differences give a simple
snapshot of overall sustainability performance, for each scenario being considered.
Change the scenario, use the building block techniques and produce a new metric
plot to see the sustainability effect. Stakeholders can see measurable change for
their communities in relation to sustainability goals. The process provides another
dimension to visioning and sustainability strategy development by adding the means
by which community can measure and judge one infrastructure and urban form
scenario with another.

Choice of boundaries between low, medium and high risk of unsustainability needs
discussion and may vary from city to city. For example, what are the points in
environmental sustainability — accessibility space that moves a community from a
low risk to a medium risk of being unsustainable? In the case of a city system with
current scenario of transport & urban form a baseline assessment can be made.

An important aspect of the metric methodologies is their analytical basis. All
visualisations have traceability back through the algorithms to the source inputs.
This is a particular strength when checking results, making scenarios changes and
applying different planning instruments. A particular strength of using the
sustainability framework and the metrics demonstrated is that they are derived from
data sets that have been commonly used by planners for many years. These are
commonplace amongst transport and city planning departments. With these inputs
and the assistance of readily available GIS/T software, all of the urban dynamics
and sustainability metrics are able to be derived. The sustainability framework
enables the holistic picture of sustainability to be maintained during the assessment
process.
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Figure 10  Sustainability risk GIS plot

Optioneering of changes in transport & urban form puts forward different
possibilities for a cities future. This assessment methodology enables these
scenario options to be assessed for change in sustainability performance over the
system as it exists now. Not only can the snapshots of performance with current
demands be made, but also as is done in traditional planning, the projected
performance with projected demands.

The sustainability assessment of various transport and urban form options is
therefore seen as a valuable tool for comparing the relative performance where the
variables are transport and urban system characteristics, urban dynamics
associated with demand choices people make in place of living, where they work,
relax, shop and visit and how and when they choose to travel. These variables we
are familiar with. However, climate change adds another dimension with constraints
and feedback effects to each of these variables which have not previously been
assumed to occur.
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An important aspect of the metric methodologies is their analytical basis. All
visualisations have traceability back through the algorithms to the source inputs.
This is a particular strength when checking results, making scenarios changes and
applying different planning instruments. A particular strength of using the
sustainability framework and the metrics demonstrated is that they are derived from
data sets that have been commonly used by planners for many years. These are
commonplace amongst transport and city planning departments. With these inputs
and the assistance of readily available GIS/T software, all of the urban dynamics
and sustainability metrics are able to be derived. The sustainability framework
enables the holistic picture of sustainability to be maintained during the assessment
process.
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Collaboration with other researchers to enable collective team effort and improve
the methodology. Include practitioners for lessons learnt and test methodology.

Develop case studies around the world to enable the building of typologies for
reference in other cities.

Effort to mentor city level agencies in using this framework

Application to cities

Those interested in collaborating to see me after the session and provide business
card or email or follow the CUSCCRR links on the www.windana.com website.
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