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Concepts  of ‘Coping’: Liveability and Sustainability 

The project brief states that: ‗While starting from a quantitative basis, the report must also 

develop a qualitative assessment of particular levels of NOM on ―liveability‖ and quality of life, 

for example in Australia‘s cities ….‘ This section responds to this requirement. 

The concepts of ―liveability‖ and quality of life are widely used  but d ifficult to define. 

Commercial liveability surveys of cities, such as those by the Economist and  Mercer, measure 

liveability by a wide range of external factors and amenities. These include political stability, 

crime, banking services, censorship, health care, waste d isposal, air pollution, international 

schools, telecommunications, electricity, water supply, public transport, traffic congestion, 

international connections, restaurants, theatres, sports and  leisure, housing and climate. They 

are measures of the ‗pleasantness‘ of the u rban physical, social and  political environment. The 

ratings produced by these surveys are used  by international corporations as a basis for the 

remuneration of their staff posted  to these cities, and  by high -ranking cities to advertise their 

attractions. The rankings of different surveys correspond roughly but are by no means identical, 

as they are based  on d ifferent selections of measures and d ifferent weightings of these 

measures. Adelaide, for example, is 6th on the Economist‘s 2007 survey but 29th on Mercer‘s 

2009 survey.  

Quality of life can be measured  by the same external variables as for liveability, but also by 

indicators of individual or household  welfare (such as health, education and income), and  by 

people‘s subjective perceptions of the liveability of a place or of satisfaction with life. Urban 

population growth, whether driven by immigration or not, could  be expected  to reduce the 

liveability and quality of life of cities by increasing noise levels, air pollution, water pollution, 

traffic congestion, commuting time, population densities and  crime. On the other hand, larger 

cities can increase liveability and quality of life by provid ing a greater number and range of 

services, attractions and activities, better jobs, and  a livelier ambience. Many  city people are 

willing to trade-off the former for the advantages of the latter. 

Whichever way it is measured , quality of life can be considered  as an economic good which can 

be used  to estimate the economic value or cost of some of the impacts of urban population 

growth. This makes it a useful way to quantify the effects of different aspects of environmental 

quality. As an example of this economic approach, a much -quoted  study by Blomquist, Berger 

and Hoehn (1988) estimated  the value of the quality of life in 253 counties in the US, using 1980 

data in a hedonic model. The d ifference between two counties in the value of the index is a 

measure of the premium that the average household pays through the labour and housing 

markets to live in the more amenable county, and  the study found that between the top - and 

bottom-ranked counties this d ifference was estimated  to be valued  at $5146 (A$5640) per 

household  per year. The highest ranked counties tended to be located  in small- and  medium-

sized  cities in the Sun Belt and Colorado, and the lowest ranked counties were mostly in 

medium to large northern cities. This can be interpreted  as a preference for warmer and sunnier 

climates and their life style, and  for smaller and  less industrialised  cities. 
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A similar study for England and Wales (Srinivasan and Stewart 2004) found an overall quality 

of life range between the top and bottom counties of ₤2696 (A$4903) per annum. The main 

contributors to the d ifferences between counties were positive relationships with air quali ty (a 

range of £4,628, or A$8417) and population density (a range of £3,936, or A$7158). The authors 

explain the relationship between higher population density and higher quality of life by 

arguing that population density is a proxy measure of factors such  as agglomeration economies, 

which produce higher wages, and  the provision of a wider choice of amenities such as 

restaurants, theatres and galleries. Areas of higher population density, such as inner London, 

are therefore seen as attractive to live in by many people. 

Another US study (Kahn 2001) examines the effect of rapid population growth in California 

between 1980 and 1990 on quality of life. The basis of the analysis was the argument that cities 

with a high quality of life should  have lower wages and higher rents than low quality-of-life 

cities. To study the effects of growth, the author tested  whether wages were rising and rents 

falling in fast-growing areas, as this would  represent revealed  preference evidence that growth 

had  significantly lowered  local quality of life. The results suggested that fast -growth areas had 

experienced reductions in quality of life relative to slow -growth areas in California. Kahn‘s 

conclusions are supported  by a study of Orange County in California over the same period  by 

Baldassare and Wilson (1995), based  on a d ifferent methodology and a different data set. This 

study found that the urbanisation of communities on the fringes of Los Angeles and their 

transformation into suburbs of a major metropolitan area was associated  w ith a decline in both 

overall perception of happiness and in satisfaction with a variety of aspects of the local area. 

However, the author warns that low income was the strongest and  most consistent predictor of 

low quality of life ratings, and  measures to control the impacts of urbanisation therefore should  

be designed to avoid  damage to the regional economy. 

A relatively new way of investigating liveability and quality of life is through the use of data on 

people‘s assessment of their life satisfaction or  happiness. These data are interpreted  as 

measures of overall quality of life, or subjective well-being, and  are used  in economic analysis 

as an empirical measure of utility (Frey and Stutzer 2002). The quality of the data on happiness 

or life satisfaction  has been extensively assessed  and generally has been found to be suitable for 

formal economic analysis (Welsch 2009), although Dolan, Peasgood and White (2008) identify 

some analytical problems and uncertainties. These studies show that subjective well-being is 

determined by a number of factors, of which income is only one, and  that environmental 

variables are a minor but not insignificant contributor to people‘s perception of their well -being 

(Dolan, Peasgood and White, 2008). So far only a limited  number  of studies have been 

undertaken of the effects of urban environmental quality on happiness or life satisfaction, but 

they produce some interesting results: 

Three studies of European countries find  a significant negative association between life 

satisfaction and the concentration of NO 2 in the locality of the respondent, although the size of 

the relationship varies between the studies (reported  in MacKerron and Mourato, 2009). One of 

these studies (Welsch 2006) estimates that a one per cent increase in NO 2 pollution is equivalent 

to a decrease in income of 0.27 per cent. 
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Figure I5: Factors contributing to high standards of liveability 

 

 

A study by Welsch (2002) of the trade-off between prosperity and pollution, based  on cross-

section national data for 54 countries, found that ‗a typical urban citizen in Germany would 

need to be given 1925$ [A$2120] per year to accept an increase of nitrogen d ioxide pollution to 

the Japanese level‘.(Welsch, 2002, p. 487) 
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A German study (Rehdanz and Maddison 2008) finds that  perceived  noise quality is positively 

related  to subjective well-being. They also find  that higher perceived  levels of noise are not 

compensated for by lower house prices, possibly because of the relatively high level of renting 

and the regulation of the rental market in Germany. 

Another German study (Stutzer and  Frey 2008) finds that people who take longer to commute 

to and from work report significantly lower subjective well-being than those who spend less 

time commuting. The authors calculate that: 

Full compensation for commuting 22 minutes (one way) compared with no commuting at all, 
is estimated to require an additional monthly income of approximately 470 euros [A$766] or 
35.4 percent of the average monthly labor income. We do not want to insist on the specific 
number, but would like to emphasize that the loss in well-being due to a suboptimal 
commuting situation seems sizable whether put in perspective relative to other determinants 
of subjective well-being or translated into monetary terms (Stutzer and Frey, 2008, p. 355). 

An Irish study (Brereton, Clinch and Ferreira, 2007) finds that living in Dublin lowers life 

satisfaction relative to living outside Dublin, and  their modelling attributes this to the higher 

population density and traffic congestion in Ireland‘s largest city.  

A New Zealand study (Morrison 2007) finds that subjective well-being in the high density 

urban area of Auckland City and Manukau City is lower than in other New Zealand cities on all 

three measures used  in the study. Morrison su ggests that this may be a consequence of 

continued agglomeration. 

A study of China (Smyth, Mishra, and  Qian, 2008) found that subjective well-being was 

significantly reduced by air pollution as measured  by sulphur d ioxide emissions. 

A preliminary cross-national study using individual data for the mid -1990s by Israel and 

Levinson (2003) found that happiness was inversely related  to water pollution measured  as 

emissions of organic water pollutants in grams per day per capita. 

The researchers estimated  that the marginal willingness to pay for a reduction of around 10 per 

cent in water pollution was about $US 660 (A$727). This could  be interpreted  to mean that an 

increase in water pollution of around 10 per cent reduced subjective well-being by about A$727 

a year. 

A study of Germany by Luechinger (2009) using high -resolution air pollution data found that 

SO2 concentration negatively affected  life satisfaction. The study estimated  that the total 

marginal willingness to pay for a reduction in SO 2 concentration was between Є217 (A$354) and 

Є319 (A$520) annually. The study also estimated  that the effect of a decrease in pollution by one 

standard  deviation would  be between 92 per cent and  130 per cent of the effect of a reduction in 

the local unemployment rate by one standard  deviation.  

A study of Oslo found that higher population density had  a significant, although small, 

negative effect on quality of life as measured  by subjective well-being (Cramer, Torgersen and 

Kringlen, 2004). On the other hand, a more comprehensive study of Auckland, a city more 

comparable with Australian cities, found no significant d ifferences in overall satisfaction 
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between high, medium and low density residential areas. The study concluded that people 

traded-off elements of their residential environment to maximise their satisfaction, so that 

people who wanted good public transport and  connectedness, for example, lived  in high 

density areas and people who wanted  better school services chose medium density areas 

(Walton, Murray and Thomas, 2008). 

Shields, Wheatley Price and Wooden (2009) have also assessed  the effects of neighbourhood 

characteristics on life satisfaction in Australia. Their conclusion is that ‗location matters, but not 

a great deal‘ (p. 439). They identify several neighbourhood characteristics that reduce life 

satisfaction. One of these is the percentage of immigrants from non -English-speaking countries, 

a finding which has clear implications for immigration policy if the aim of that policy is to 

maximise the welfare of Australians. The study d id  not include a measure of population 

density, but d id  find  that an index of urban d isamenity (half of which represented  perceptions 

of noise) had  no statistically significant relationship with life satisfaction.  

A study of the Brisbane-South East Queensland region (McCrea, Stimson and Western, 2005) 

examined satisfaction with various urban attributes at three urban levels: housing, 

neighbourhood or the local area, and  the wider metropolitan region. It found that the regional 

satisfaction of Generation X respondents was more likely to be concerned with sustainability 

issues such as pollution, population levels and  transport systems than for older generations. 

Pollution was also a significant predictor of regional satisfaction for parents w ith children living 

at home. The study concluded that: 

As older cohorts die and more couples decide not to have children, there is likely to be increasing 

pressure to design environmentally friendly, sustainable and liveable urban environments with 

less focus on growth. (McCrea, Stimson and Western, 2005, p. 149) 

A number of conclusions can be drawn from the results of the studies reviewed above. 

1. Economic analysis of subjective well-being can provide quantitative assessments of 

liveability and quality of life. 

2. The quality of urban areas, as measured by factors such as good infrastructure and 

services, safety, good social relationships and an unpolluted and attractive 

environment, contributes in a small but significant way to people‘s subjective well-

being. 

3. If the growth of Australia‘s cities to the sizes projected in this report leads to higher 

levels of air and water pollution, noisier cities, increasing congestion and longer 

commuting times, subjective well-being will be reduced. [The risk of environmental 

degradation in the cities will be assessed elsewhere in this report] The degree of this 

reduction cannot be calculated, but based on the studies above it could be the 

equivalent of perhaps ten per cent of individual income. 

4. Higher population densities, which are an inevitable outcome of urban population 

growth and an essential way of coping with this growth, need not produce a decline 

in subjective well-being. This will only be achieved, though, if higher density areas 
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have the attributes of good public transport, a range and variety of leisure, 

entertainment and cultural facilities, and a stimulating life style that compensate for 

some of the negative aspects of higher density areas. In addition, residents‘ life 

satisfaction will be increased if the negatives of higher density areas, such as noise 

and air pollution, can be reduced. 

5. Careful planning is also needed on the expanding fringes of Australia‘s major cities, 

to ensure that urban growth does not produce a decline in subjective well-being. 

6. Policy should seek to avoid concentrations of migrants from non-English-speaking 

countries, if the finding of the study by Shields, Wheatley Price and Wooden (2009) 

is correct and the objective is to maximise the welfare of the resident population. 

7. Generational shifts in the Australian population are likely to increase the influence of 

environmental conditions on people‘s subjective well-being, and produce stronger 

demands for governments to improve the environmental sustainability of the cities. 

Figure I6 An outline of elements of the question of increasing population and the 
capacity of Australia‟s built and natural assets to cope 

 

 

Source DPDC 2009 Research Matters #50
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Figure I7 The interdependence of physical and social assets in the creation of conditions ripe for employment (WAPC 
2004) 

Source: WAPC 2004 
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What is sustainability? 

The Natural Step; WSROC; and Strategic Sustainable Development 

At a recent workshop sponsored by the Cornell Centre for Sustainable Futures entitled 

‗Managing Transitions to Sustainable Cities and Regions‘ the ‗Natural Step‘ program was 

introduced and contained  a definition of sustainability that enables the term to be used  with 

clarity. The definition boils down to four precepts:  

 matter and energy are neither created nor destroyed;  

 matter and energy tend to dissipate;  

 the value of matter is in its concentration and structure; and  

 photosynthesis is the key process by which the Sun‘s energy is converted into matter 

and energy on Earth.  

The first two precepts are a re-statement of the First and  Second Laws of Thermodynamics in a 

closed  system which acknowledges our finite existence. The third  and fourth precepts can be 

developed as ‗system conditions‘ that frame sustainable practices such that nature is not subject 

to systematic increases in:  

 Concentrations of substances extracted from the Earth‘s surface; 

 Concentrations of substances produced by society; 

 Degradation by physical means; (Robert et al 2002) and in that society… 

 People are not subject to conditions that systematically undermine their capacity to 

meet their needs (The Natural Step, 2010).   

From these principles can be deduced a set of sustainable development principles that include 

‗back-casting‘ from an imagined future scenario; flexible platforms that allow technically or 

socially feasible stepping-stones into the future; exercise of the p recautionary principle In 

planning; and  governance driven by dialogue, transparency and an understanding of the 

influence of norms and values on behaviours.  

A way to approach future scenario build ing is take a leaf out of the WSROC book. The next 

section of the report refers to WSROC literature that speaks of recent initiatives to create 

―platforms‘ of social or societal readiness to receive more people into an area such that the 

livelihoods created are sustainable and liveable. This approach focuses on pr ovid ing an 

opportunity for the ‗territory‘ to develop its identity and in particular to evolve assets, rather 

than betting on one particular economic or social sector to be the main entity around which the 

community revolves. ‗The Local Platform‘ requires an interd isciplinary, geographical approach 

which I characterise by the d iagram below  
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In explanation, planners need  to be cognisant of the social and  physical structures that exist 

or can likely be created  from the territory‘s existing elements. Social elements include the 

cultural and broader societal norms that govern people‘s behaviours.  Physical elements 

include the built urban and natural environments. Once these structural elements are 

measured  they provide the scaffold  for the cognitive elements, i.e. people‘s preferences, to 

be expressed  in the myriad  transactions in the exchange of goods and services that comprise 

society‘s daily activity.  

The cognitive elements include the generation of social capital and  the importance of a 

learning culture to enable change to occur in a way that produces positive outcomes for 

people. Change will occur if there are leadership roles available to react to external stimuli 

and  define interdependent relations with economics, governance, and  natural assets. 

Change can also be driven from within existing social structures and preferences if a 

learning culture exists.  

Therefore, by considering a territory rather than a sector as a community, O‘Neill (2008) 

makes the point that the way in which the present is perceived  or organised  influences the 

flexibility of a place to deal with future circumstances. A territorial platform is more flexible 

because one is less committed  to a particular path of micro-management decisions that have 

a higher probability of risk. That is, in terms of negotiating the future and allocating scarce 

resources, more options are likely to be available for selection as events unfold  with the 

territorial view. This is the ‗platform‘ from which a local council and  its state agency 

partners can plan for the future in collaboration with their present constituents.  

In terms of sustainability this process provides a more resilient approach for the 

management of the constructed  and social environment of a region of a capital city. This 

approach could  be applied  to the assessment of other localities; parts of large urban 

conurbations and regional cities as locations for increasing population growth. As we have 

seen in this report, the likelihood is that Melbourne will become the largest urban centre in 

Australia by 2050 because Sydney does not have the ‗platform‘ – the physical infrastructure, 

natural assets and  leadership and policy environment capable of supporting more than the 

planned population of about 5 million people by 2036, given current lifestyles.  

O‘Neill asks this rhetorical question of Western Sydney which holds significance for NOM 

policy: 

How do we construct an employment-creating western Sydney economy that brings quality jobs 

nearer to western Sydney workers so that the city [can] be a better place to live with a major 

reduction in greenhouse gas emissions. 

His answer was to adopt the EU argument for:  

1. [T]he adoption of platform policies over sectoral policies. Platform policies build 

territorial competence. They acknowledge the impossibility of picking winning firms or 

winning sectors. Instead, platform policies build regional territories into platforms 

where successful firms and sectors can emerge and become successful over long 

time periods. A territorial platform, then, has these characteristics: 
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2. Foundational, competitive infrastructure (like transport systems that move goods and 

people around productively and efficiently) 

3. Human capital with skills, productive ethics and access to quality training 

4. Knowledge base with access to institutions (especially universities) for creating, 

applying and sharing new knowledge and innovation 

5. Quality business climate and a quality people climate, because the two go hand in 

hand 

6. SME and entrepreneurship policies to lower entry barriers to new firms and start-ups 

including access to venture capital, incubators, business training, supply chain 

networks 

7. Quality spatial business formations be they commercial zones, business districts, 

office parks, industry clusters; formations that acknowledge the territorial advantages 

of co-location, economies of scale and shred competencies.(EC 2006) 

This approach draws on the need for a leadership role to pull together those social and 

physical elements that generate organisations with resources. It is an organisational 

resource, the Platform, upon which the daily transactions of businesses and individuals are  

built. The results of these myriad  transactions are outcomes that change the nature of the 

local social landscape. The relationships so formed and the learning that takes place re 

energises the original social and  physical assets that produced the Platfor m in the first place. 

At the same time people and organised  entities express their preferences and expectations 

about the outcomes. These cognitive elements feed  back into the Platform as constant 

adaptive change which invigorates continuing development activity without having been 

micro-managed or cherry-picked by government. These latter options are unlikely to be 

nearly successful as those endeavours that arise more organically from the assets already 

present, that is physical infrastructure assets, the education, skills and  knowledge of the 

locals and the opportunities for networks outside the immediate spatial or personal 

environment 

Several other ways of conceptualising and defining environmental sustainability  follow: 

Generational sustainability 

Some definitions are about the environmental resources and quality left to the next generation.  

Sustainability means that the environment should  be protected in such a condition and to such 

a degree that environmental capacities (the ability of the environment to perform its various 

functions) are maintained  over time: at least at levels sufficient to avoid future catastrophe, and 

at most at levels which give future generations the opportunity to enjoy an equal measure of 

environmental consumption. (Jacobs 1991, pp. 79-80). This concept is d ifficult to make 

operational, and  implies that the problems are those of the future, not the present. 
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Maintenance of essential environmental functions 

An ecological economics view of sustainability starts with the observation  that the environment 

performs three functions in supporting human life and  economic activity. The first is the 

production of raw materials from the natural resources of soil, water, forests, minerals and 

marine life (the earth‘s ‗source‘ function). The second is the safe absorption (through 

breakdown, recycling or storage) of the wastes and pollution produced by production and 

human life (the earth‘s ‗sink‘ function). The third  function is the provision of the environmental 

services that support life without requiring human action, such as climatic stability, 

biodiversity, ecosystem integrity, protection from ultraviolet rad iation, and  the recreational, 

psychological, aesthetic and  spiritual values of environments, including areas of natural beauty 

or wilderness (the earth‘s ‗service‘ function). (Ekins 2000, pp. 53-54; Jacobs 1991, pp. 86-96). 

Sustainability is then defined  as the maintenance of essential environmental functions.  

The economist Paul Ekins has turned  this definition into a set of operational principles, 

reproduced in shortened form below: 

1. Destabilisation of global environmental features such as climate patterns or the ozone 

layer must be prevented.  

2. Important ecosystems and ecological features must be absolutely protected to maintain 

biological diversity. Importance in this context comes from a recognition not only of the 

perhaps as yet unappreciated use value of individual species, but also of the fact that 

biodiversity underpins the productivity and resilience of ecosystems.  

3. The renewal of renewable resources must be fostered through the maintenance of soil 

fertility, hydro-biological cycles and necessary vegetative cover and the rigorous 

enforcement of sustainable harvesting.  

4. Depletion of non-renewable resources should seek to balance the maintenance of a 

minimum life-expectancy of the resource with the development of substitutes for it. … To 

help finance research for alternatives and the eventual transition to renewable 

substitutes, all depletion of non-renewable resources should entail a contribution to a 

capital fund. 

5. Emissions into air, soil and water must not exceed their critical load, that is the capability 

of the receiving media to disperse, absorb, neutralise and recycle them, nor may they 

lead to concentrations of toxins that cause unacceptable damage to human health.  

6. Landscapes of special human or ecological significance, because of their rarity, 

aesthetic quality or cultural or spiritual associations, should be preserved. 

7. Risks of life-damaging events from human activity must be kept at very low levels. 

Technologies which threaten long-lasting ecosystem damage should be forgone. 

Of these seven sustainability principles, 3, 4 and, to some extent, 2 seek to sustain resource 

functions. Five seeks to sustain waste-absorption functions; 1 and 2 seek to sustain life-

supporting environmental services; 6 is concerned with other environmental services of special 
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human value; and  7 acknowledges the great uncertainties associated  with environmental 

change and the threshold  effects and  irreversibilities mentioned above. (Ekins 2000, pp. 95-97) 

A number of these principles can be turned  into operational measures, which makes them 

particularly useful, bu t some are either hard  to measure or involve value judgements. These 

principles could  be used  to evaluate the results of the modelling of scenarios. 

I would  add one further sustainability principle to Ekin‘s list. This is the principle of trans-

frontier responsibility, which means that sustainability in one region or country cannot be 

achieved at the expense of environmental conditions elsewhere. A region or country cannot 

export its environmental impact, such as saline water from irrigation, polluted  urban  storm 

water, land  degradation from logging, or atmospheric and water pollution from industrial 

production, and  claim to be environmentally sustainable.  

Natural capital 

An explicitly economic view of sustainability, and  one that is quite influential, invo lves the 

concept of natural capital. Natural capital is naturally occurring assets that are either used  in 

production or provide non-market services. Refers to the earth‘s natural resources and the 

ecological systems that provide vital life-support services to society and all living things. 

(Grafton and others 2004, p. 482) 

There are d ifferent forms of natural capital. Economists view the Earth‘s resources in terms of 

capital, which can be conveyed as bequests between generations, and  they make an important  

d istinction between constant (or substitutable) natural capital, and critical natural capital.  The 

former refers to cultural (e.g. built), and  readily renewable natural, resources.  The latter 

includes basic life-support systems (global commons, biodiversity) which, once irreversibly 

damaged, cannot be re-created . Collectively, the two represent the Earth‘s natural capital stock. 

(Selman 1996, p. 12). 

Weak and strong sustainability 

Economists and  other social scientists use arguments over the extent to which natural capital 

can be replaced  by human-made capital to d istinguish between weak and strong versions of 

sustainability. 

The question of whether our planet can sustain humanity is, perhaps, the fundamental question 

of environmental economics. Given the uncertainty that surrounds what the future might bring 

and whether we can improve both our living standards and our environment, much of the 

literature on the conditions for sustainability is theoretical. Two widely used  concepts are that 

of weak sustainability and strong sustainability.  

Weak sustainability is commonly interpreted as maintaining the total stock of capital 

(reproducible and natural) at such a level that the welfare of today‘s and all future generations 

is non-declining. An implication of weak sustainability is that the possibility exists for the 

current generation to draw down the natural capital stock provided there is a corresponding net 

investment in reproducible capital to ensure non -declining average welfare across generations. 

Thus, weak sustainability implies there is some degree of substitutability between human -
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produced capital and  natural capital in production. Given that reproducible and natural capital 

produce d ifferent ―goods and services,‖ weak sustainability may also b e viewed as implying a 

degree of substitution between the flow of benefits from natural capital and  mass consumption. 

Strong sustainability is commonly interpreted  as maintaining the natural capital stock (or some 

critical subset thereof) undiminished in terms of its resilience (see chapter 1) and ability to 

assimilate wastes and regenerate renewable resources. Even under this strict interpretation, it 

may still be possible to deplete aspects of natural capital, such as draw -down reserves of oil and 

natural gas, provided  that this does not impinge on the ability of natural capital to provide its 

critical environmental services (Grafton and others 2004, pp. 322-23). 
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Appendix A: Melbourne Planning Scenario 2031: 
Polycentric City, Middle Centres 

Figure X1 Polycentric City: Middle Centres Scenario vs. Base Case: % Change in New 
Employment Distribution 
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Figure X2 Polycentric City Middle Centres Scenario – Population Density (Persons 
per Hectare) 
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Figure X3 Polycentric City Middle Centres Scenario – Population (Persons per 
Hectare) – Inner Melbourne 
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Figure X4 Polycentric City Middle Centres Scenario – Employment Density (Jobs per 
Hectare) 
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Appendix B – Comparison between the MoDEM and ASFF 
results on economic growth 

GDP related measures provide a comparison with the McDonald and Temple (2008) work (using 

the Productivity Commission‘s MoDEM model).  There is a reasonably good comparison 

between the two modelling outputs, which is reassuring given that they use very different ways 

of calculating GDP.  In the absence of data from the MoDEM model, which would support 

correlation analysis, the comparison between the two modelling outputs is presented in graphical 

comparisons below. 
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Figure X5. Annualised growth rates of GDP per capita, from the ASFF modelling (top) and 
MoDEM modelling (bottom) of McDonald and Temple (2008). 

The graphical comparison between growth rates of GDP per capita (Figure X5) shows similar 

temporal trends.  The growth rates decline over the next decade toward a minimum, then rise 

over about two decades, before falling marginally again.  These cycles arise from the 

demographic aging characteristics of the population, which influence the size of the available 

labour force.  There is also some similarity regarding the relative effects of NOM levels.  

Generally the growth rates are slightly higher and less cyclic for higher NOM, though the 

changes appear to be insignificant beyond a NOM of about 100,000 pa.  The ASFF modelling 

however indicates for a given NOM a higher growth rate than McDonald and Temple‘s work.  

This is likely to be due to differences in how labour productivity and other efficiencies are 

represented in the models.  The offset in growth rate is of largely irrelevant in this study of 

environmental impacts of NOM levels, since the modelling highlights the relative impacts of 

different NOM rates.   
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Figure X6. GDP per capita, from the ASFF modelling (top) and MoDEM modelling 
(bottom) by McDonald and Temple (2008). 

Resultant GDP per capita compares favourably between the two modelling approaches, as shown 

in Figure  X6. 

 

Appendix C – Overview of the ASFF 

Scope of the ASFF 

The ASFF is a highly d isaggregate simulation of all physically significant stocks and flows in the 

Australian socio-economic system (Figure X7). Stocks are the quantities of physical items at a 

point in time, such as land , livestock, people, build ings, etc., and  are expressed  in numbers or SI 

units. Flows represent the rates of change resulting from physical processes over a time period, 
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such as the (net) additions of agricultural land , immigration and birth rates, etc. In the first 

version of the ASFF there over 800 multi-d imensional variables (about 300 that are exogenous). 

The ASFF is a process-based  simulation that covers the physically significant elements of each 

sector of the Australian economy as we currently understand them , including some service 

aspects. Natural resources (land , water, air, biomass and mineral resources) are also represented 

explicitly. Part of the framework incorporates a physical input-output model for the 

transformation of basic materials and  energy types (Lennox, Turner et al. 2005). Elsewhere, 

there are physical accounting relationships that represent the key processes, such as converting 

the requirement for transport of goods into the size of the freight transport fleet and  the fuel 

requirement. A detailed explanation of the relationships throughout the ASFF is available in 

Poldy et al. (Poldy, Foran et al. 2000). All variables representing physical stocks and flows obey 

the thermodynamic constraints of conservation of mass and energy. 

Geographically, the ASFF covers continental Australia, including the marine area within 

Australia‘s economic exclusion zone (for fishing and fuels). Within specific sectors of the 

framework d ifferent geographic resolutions are used , e.g., agriculture is resolved  at the 58 

statistical d ivisions across Australia. The temporal extent of the ASFF is long-term: scenarios 

over the future are calculated  to 2100, and  the model is also run over an historical period  from 

1941. In some sectors such as agriculture it is necessary to provide data substantially prior to 

1940 due to the lengthy life-time of important agricultural land  stocks, e.g., of d ifferent quality  

(Dunlop, Turner et al. 2002). The time step used  is 5 years, coincid ing with Australian Bureau of 

Statistics census years. 

Flows of people, energy and materials may enter and  exit the economy, principally as imports 

and  exports on the left and  right respectively. Within the domestic economy, natural resources 

are extracted  or harvested  from the environment (shown at the centre bottom of the d iagram).  

Materials are transformed progressively (going upward  in the d iagram), with the use of suitable 

energy, to eventually provide goods and services for the population. The population provides a 

labour force (at the top) for all the economic sectors. Wastes and emissions are generated  by the 

economic activity, and  may be recycled, exported  or returned to the environment. Other flows 

occur between economic sectors. 

Requirements from one component of another are shown as dashed red  lines. Flows produced 

by one component for another are shown as solid  blue lines. Two major components, 

demography and primary industries, are entirely exogenous. Components to the right and 

bottom of the d iagram only receive information flows, and  present any tensions (mis -matches) 

between requirements and provisions associated  with international trade, natural resources, 

wastes/ emissions, and  labour. 
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Figure X7 Schematic summary of physical flow connections of a modern economy 
like Australia‟s.  
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Figure X8  Major components (boxes) and information flows (arrows) between 
components of the ASFF.  

 

 
 

Overview of the modular structure 

The high level structure of the ASFF is illustrated  in Figure X8, depicting information flows 

among the major components of the ASFF (shown as boxes), which may contain other modules 

(such as household  formation, within demography). Arrows indicate data flows from one 
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component to another within the ASFF; solid  lines represent information on physical things 

produced or provided from one component to another; dashed lines represent physical things 

required  by one component from another. These requirements can be conceptualized as the 

reverse of a flow of physical items provided, much like an electrical current is the reverse of the 

flow of electrons. As a central feature of the Design Approach, these information flows 

eventually lead  to the creation of tensions between requirements and provisions (collected  in 

the components at the bottom and right of Figure X8). 

Two of the major components in Figure X8 (the boxes with round corners), representing 

demography and the primary industries, are driven exogenously and have only data flows 

exiting them. For example, the Australian population provides a labour force (blue solid line), 

which is subsequently compared  with the requirement for labour created  by activity in all 

industries (red  dashed line exiting the box around all industries). A population consumes food 

and other non-durables, and  needs dwellings and other build ings (for offices, education, health 

services, etc.), and  personal and public transport. Consequently, the requirements of the 

Demography component drive the Consumables, Build ings and Transport components. The 

latter is also driven by requirements for transport services that  are related to the building stock, 

such as urban freight.  

The requirement for manufactured  goods and infrastructure drives the modules in the 

Secondary Light Industry component. Additionally, d iscards of goods, durables and 

decommissioned infrastructure are potentially recycled  in Secondary Light Industry. 

Manufactured  goods can be sourced from overseas, so the Secondary Light Industry generates a 

requirement for imported  goods (dealt with in the International Trade component). Likewise, 

manufactured  goods may also be exported  from Australia (also informing International Trade 

calculations).  

The functioning of Buildings, Transport and  Secondary Light Industry collectively create (with 

the Primary Industries) a requirement for materials, fuel and  electrici ty from Secondary Heavy 

Industry (‗Basic Materials and  Energy‘). Allowance is also made for secondary 

materials/ energy that are imported  (to satisfy domestic demand of the other industry sectors), 

or exported  from Australia after domestic production. This module employs a physical Input-

Output process (that also incorporates evolution of productive capacity) to calculate the 

primary materials required .  

Separately, the exogenous Primary Industry component produces primary materials from 

agriculture, forestry, fisheries and mining. This information is compared  in International Trade 

with the requirement from Secondary Heavy Industry for primary materials. If there is 

insufficient domestic production of primary materials, then they are imported; and  if there is 

excess, they are exported . Along with the imports and  exports of secondary materials and 

goods, and international travel (driven from the Demography component) and invisibles, the 

International Trade component forms the trade balance (in financial units, using prices in 

combination with the physical flows). The trade balance is one of a collection of ―tensions‖; an 

excessively large positive or negative trade balance flags an unlikely international trade 

situation. 
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Other tensions occur, located  in the Natural Resources and Labour components, where 

requirements are compared  with provisions (the comparison is represented  by opposing left 

and  right arrow heads). The requirement for land , water and  labour is gathered  from the 

individual requirements in each of the economic activities represented  in the prior components. 

Unemployment is an obvious tension between higher labour availability and lower 

requirements, while the opposite i.e., more workers required  in the economy than is available in 

the labour force is also a tension, though one that is not physically feasible. Similarly, it is 

possible to produce a preliminary scenario where water required  is greater than available 

resources, or more land  required  than land mass. 

In addition to tensions, other indicators report the emissions of greenhouse and other gases to 

the atmosphere, and waste to landfill, resulting from all economic activity. These indicators 

could  also be interpreted  as tensions if they are compared  with target emissions and wastes. 

Other information in the ASFF can be used  to form further indicators and tensions, such as the 

level of education and health of the population. 

Estimating GDP using the ASFF 

An indicative measure of GDP has been calculated  in the ASFF based  on the physical st ocks of 

capital and  labour. This indicative GDP is an approximation for an income-based  GDP (ABS 

2000). (The alternative is expenditure-based  GDP.) To calculate the income-based  GDP, we 

combined the labour numbers in the ASFF with salary and wages data to calculate the 

―compensation of employees‖ component of GDP; and to estimate the ―gross operating 

surplus‖ component, the new stocks of productive capital in the ASFF were combined with 

calibrated  data on the cost of capital and  a rate of return upon investment for all sectors. The 

new stocks are those items of physical capital that contribute to economic output. They 

incorporate machinery, commercial vehicles and commercial build ings in the primary, 

secondary, transport and service sectors covered  in the ASFF. For the scenarios, no assumptions 

were made about movement in future labour salaries and price of capital or rates of return 

(assumed to be 10%); such changes would  require economic modelling or expert advice. 

Instead , this analysis maintained  salaries and prices at a constant level, therefore indicating the 

effect of physical changes in the economy on the GDP, all else being equal. 

 




