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1. Introduction

Globally, society is facing a set of unprecedented crises that together may change the way in which future patterns of mobility need to be viewed.  The tipping point has been reached through a combination of factors – environmental, economic and social (often called the three pillars of sustainability) – that must be addressed in a cohesive and coherent way so that the potential disaster scenario can be replaced by one that presents real opportunities for the future.  
This paper outlines the nexus of the three overlapping dimensions of change that have been viewed together through the concept of planetary boundaries.  These dimensions are mapped onto the three pillars of sustainability, and then outlined individually and as a set of overlapping and connected interfaces. The implications and opportunities are interpreted within the framework of mobility patterns within cities, arguing for new thinking that combines low carbon transport, with a refocusing on shared modes of transport that provide a total door to door service, which in turn meets the requirement for providing accessibility for all.  This vision of opportunity for transport in cities is intended to take advantage of the climate change, financial and demographic imperatives to generate innovative solutions that mitigate the potentially disastrous effects resulting from these three global changes.
2. Planetary Boundaries

There has been much debate since 2009 about the limits to the global ecosystems, sometimes called boundary conditions.  This debate culminated in a seminal paper in Nature that defined the ‘safe’ operating space for ten planetary systems (Rockström et al., 2009), where different measures were used to determine the boundaries, the current status and the pre-industrial levels (Table 1) and they were then mapped (Figure 1). The researchers then defined the ‘safe’ boundaries for eight of these ten systems, and estimated whether these limits had been exceeded. Their conclusion was that in three of the systems, the ‘safe’ limits had already been exceeded – biodiversity loss, climate change and human interference with the nitrogen cycle.  They also commented on the complexity of the system and the non linearities, suggesting that once critical thresholds are exceeded, then subsystems (for example, the jet streams and the monsoon system) could shift to a new state with potentially important consequences for humans (Lenton et al., 2008).

Table 1: Planetary Boundaries - Environmental
	Earth-system process
	Parameters
	Proposed boundary
	Current status
	Pre-industrial value

	Climate change

Rate of biodiversity loss

Nitrogen cycle
	a) Atmospheric CO2 concentration (ppmv)

b) Change in radiative forcing (wm2)

Extinction rate (number of species per million species per year)

Amount of N2 removed from the atmosphere for human use (Mt per year)


	350

1

10

35
	387

1.5

>100

121
	280

0

0.1-1

0

	Phosphorus cycle

Stratospheric ozone depletion

Ocean acidification

Global freshwater use

Change in land use

Atmospheric aerosol loading

Chemical pollution
	Quantity of P flowing into the oceans (Mt per year)

Concentration of ozone (Dobson unit - is a unit of measurement of the columnar density of a trace gas in the Earth's atmosphere)
Global mean saturation state of aragonite (carbonate mineral) in surface sea water

Consumption of freshwater by humans (km3 per year)

Percentage of global land cover converted to cropland

Overall particulate concentration in the atmosphere on a regional basis

Concentration of persistent organics pollutants, and effects on ecosystem
	11

276

2.75

4,000

15

TBD

TBD
	8.5-9.5

283

2.90

2,600

11.7

TBD

TBD
	-1

290

3.44

415

Low

TBD

TBD


Note: TBD – To be determined
Source: Based on Rockström et al. (2009)
More recent contributions have questioned the setting of boundaries, and whether all ten systems identified are truly planetary, but all are agreed about the importance of global thresholds and their existence for climate change, ocean acidification and ozone depletion (Nordhaus et al, 2012). The plausibility of a planetary scale ‘tipping point’ has been reinforced (Barnovsky et al., 2012), where the shift from one state to another can result from ‘critical’ thresholds being exceeded. But these levels are difficult to anticipate as they result from a series of incremental changes, and the threshold is not known in advance.  A state shift caused by a ‘sledgehammer’ effect (e.g. deforestation) is easier to measure in terms of shift and in terms of outcomes.  In both cases, new conditions prevail that are outside the range of fluctuation evident from the previous state.  It is important to recognise these critical transitions and state shifts at the global scale, and whether they result from one of the planetary boundaries being exceeded, or whether they are the result of several smaller scale events, or even a combination of both factors.

At present the scientific evidence suggests that there should be a global objective of stabilizing CO2 emissions in 2050 at their 1990 levels
 will not be achieved.  The CO2 boundary has already been exceeded, with current levels at about 400 ppmv and increasing by about 2 ppmv each year. A reversal can only be achieved through switching to zero carbon emissions energy use in all its forms, and in finding innovative ways to sequestrate
 existing CO2. Up to now, transport has made no contribution to the reduction in levels of CO2, as the savings gained from more efficient technologies have been more than outweighed by the growth in travel.

Figure 1: Planetary Boundaries - Environmental
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Source: Rockström et al. (2009)
In addition to the changing global ecosystems, there have been a series of economic and financial events that have resulted in the stagnation in the growth in Western economies, high levels of unemployment, unprecedented levels of sovereign debt, and a meltdown of the banking system (Smith, 2008).  This provides a second set of planetary boundaries – economic. ‘We are now living in one of the worst financial, economic and social crises since the war’ (Stiglitz et al., 2009), and this crisis has been exacerbated by the inadequacy of the measurement of economic performance (primarily GDP).  The Commission on the Measurement of Economic Performance and Social Progress (Stiglitz et al., 2009) have made a strong case for metrics that incorporate sustainability and ‘balance sheets’ of the economy that include assets, debts and liabilities. Fundamental to their thinking has been the need to move from the measurement of economic production to measuring people’s well-being, embedded within the context of sustainability. Material well-being should include income and consumption, as well as production, and these should be considered jointly with measures of wealth so that the legacy value for future generations can be included.  It is also important to consider distributional fairness and measures of non market activity, in particular the way in which people spend time. In summary the Commission concluded that ‘Quality of life depends on people’s objective conditions and capabilities.  Steps should be taken to improve measures of people’s health, education, personal activities and environmental conditions. In particular, substantial effort should be devoted to developing and implementing robust, reliable measures of social connections, political voice, and insecurity that can be shown to predict life satisfaction’ (Stiglitz et al., 2009, p15). 
The recent book by Robert and Edward Skidelsky (father and son) ask the question about how much is enough.  Their short answer is to quote an updated figure given by John Maynard Keynes of £40,000 (€50,000 in 2012 prices), which means that the rich world is 4-5 times better off on average than in the 1930s, but the working week has only declined by 20 per cent.  They argue that there should be a finite quantity of material needs that should be satisfied. These needs are the objective requirements for a good and comfortable life, but they promote the view that present day consumer society has not distinguished between needs and wants (infinitely expandable). They also propose seven elements of the good life – health, security, respect, personality, harmony with nature, friendship and leisure – that meet a set of criteria of basicness (universality, finality, not part of another good, and indispensability) (Skidelsky and Skidelsky, 2012).
Over the last five years, economic and financial meltdown has led to severe cut backs in public expenditure and substantial increases in taxation, presenting governments and individuals with a real decline in their standards of living and substantially lower levels of consumer expenditure, which again has global implications as markets contract.  This is an illustration of the interconnectedness of all global economies.  More recently, there is some evidence of using Keynesian strategies to increase the levels of public debt through investment in large projects (including infrastructure) to create new jobs.  This seems to be part of the anti austerity programmes that are challenging the dominance of the neo liberalism that has been rampant in determining macro economic policy over the last thirty years.
The third set of planetary boundaries are social, and involve the growth in the global population to over 7 billion (March, 2012) and the expectations that this will increase to 9 billion (2050) (UN Habitat, 2011). More than half the population now lives in urban areas, and this will increase to 70 per cent by 2050.  Although there is still natural growth in many countries, there are two other important driving forces that determine the net growth in individual countries and cities, namely the levels of migration and the ageing of the population, as people live longer. 
The average life expectancy in developing countries is expected to rise from 65 to 68 years (2020), and this will result in over 1 billion people being in the over 60 age group (McKinsey, 2012). To some extent this will be balanced by a youth bulge in Africa, but other countries (China and India) have introduced single child policies, and this again distorts the age distribution. Globally, this means that the elderly population will rise to 2 billion (>60) by 2050 from 800 million (2012), resulting in almost a doubling to 21 per cent of the global elderly population (WEF, 2012).  The number of older people (60+) will exceed the numbers of young people (<15) by 2050 for the first time in history and this threshold has already occurred in some developed countries. This transition will have a direct impact “on the intergenerational and intragenerational equity and solidarity that are the foundations of society” (UN, 2012, p. xxviii).  This demographic change resulting from lower levels of fertility and mortality is irreversible, with the large numbers of young population unlikely to occur again.  In addition, the older population is itself ageing, and the fastest growing age group is those over 80 years (3.8% pa), and by 2050 some 20 per cent of the elderly population will be in this group.
Migration is more difficult to measure as much of the population movement within and between countries goes unrecorded, but over 5 million people a year cross international borders into the developed countries (UN Habitat, 2011, p84).  This figure is considerably increased if natural disasters are included. For example, in 2008, about 20 million people were displaced due to the sudden onset of natural disasters (OCHA and IDMC, 2009).

These three dimensions of change have been described here as planetary boundaries as they have all now increased to such a level that they might individually threaten the stability of the planet, whether it relates to the natural or to the human ecosystem.  When the three of them coincide, then the potential outcomes can be magnified, even catastrophically. Yet they have all been caused by the increase in human activity, so there should be strong actions that can be taken to mitigate the outcomes and to rebalance these three global systems to re-establish stability within each dimension and between all three systems.

3. Interfaces between the Planetary Boundaries

The new boundaries have been described and mapped onto each of the three key elements of sustainability, but it is at the interfaces that many of the effects may be compounded.  Four examples are given here to illustrate the connectivities between the planetary boundaries, and the intention is to help describe the complexity and the potential non linearities within the system.
a) Migration of the global economic centre of gravity (economic and social sustainability): Historically, the earth’s centre of gravity has moved from the Asian cultures of the pre industrial era (1000-1800) to Northern Europe with industrialisation (1910), and then to the USA (1950).  Its pathway is now returning to the Far East, as post industrial technologically led development combined with globalisation and cheaper skilled labour, means that production is again based in Asia (Figure 2). 
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[image: image7.png]By far the most rapid shift in the world’s economic center of gravity
happened between 2000 and 2010.
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b) Speed of change (economic and social sustainability): Apart from the geography, there is the speed at which change is taking place.  It took almost 150 years for the UK to double its per capita GDP (1700-1850), but the figures for the USA and Germany are about 50 years, and only 33 years for Japan (Figure 3). More, recently, for the Asian tigers, the time taken has been reduced to between 10-20 years.
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c) The emissions of CO2 and ageing (environmental and social sustainability): Zagheni (2011) took nine consumption goods, including three from transport (gasoline, air flights and cars), and estimated the amounts of those goods consumed in the US.  The values were then transformed into CO2 units according to their carbon intensity, before calculating the per capita related figures by age (Figure 4). There was a clear increase in per capita emissions from age 10 to 60 (from about 3t CO2 to 15t CO2 per person - 2007) before a decline. But if the ageing population is then factored in, a figure of 32 million Mt of CO2 is added to the US emissions figures each year to 2050, and this can be attributed to the increasing numbers of elderly people.  This increase reflects the consumption patterns of the US by age groups.  Within this figure transport accounts for about 30 per cent of the total, and although individually less use is made of gasoline and cars in older age, this is more than outweighed by the increased number of people in these age groups.

d) The emissions of CO2 and city density (environmental and social sustainability): Levels of CO2 emissions by passenger transport in cities are related to many factors, including the levels of motorisation, and the extent and size of the city, as well as population density (Figure 5). The levels of density do not need to be high to achieve relatively low levels of CO2 emissions for passenger transport (under 2 tCO2 per person), ranging from 30 to 50 person per hectare, and if these levels can be doubled, then the CO2 emissions can drop to half this level.  These figures are valid for both cities in the richer countries and those in the poorer countries.
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These examples give an indication of the multitude of relationships that exist between the planetary boundaries in their individual forms, as well as in their reinterpretation as parts of the sustainability agenda. It also illustrates the interaction effects between the individual planetary boundaries and the importance of understanding the scale and speed of change taking place, as well as the different spatial distributions.  The second part of this paper reinterprets these global changes within the context of cities and urban mobility.
4. Urban Mobility and the Sustainable Mobility Paradigm
Today, many of the same issues are important, but the speed and scale of change of a different order with the growth in the mega city (>10 million) and the meta city (>20 million), and even the meta city region (>40 million): for example, in the Yangtze River Delta (Shanghai, Nanjing and Hangzhou: 105 million and 21% of China’s GDP); the Pearl River Delta (Guangzhou, Shenzhen and Hong Kong with 60 million); Tokaido Corridor (the Pacific Belt including Tokyo and Osaka, extending 1200kms with 83 million and 81% of Japan’s GDP); Sao Paulo and Rio de Janeiro (40 million and 48% of Brazil’s GDP).  Note that some of these meta city regions are geographically clustered, while others are axial and extend along a corridor, but in both cases they have arisen as a result of large cities merging together physically and economically, as well as through their transport networks.
Strategies of containment and relocation and the preservation of open and green space has been replaced by rapid growth (+5% pa) and cities merging to form mega agglomerations. In 1900, about 13 per cent of the global population was urban, but by 2000 this proportion was 47 per cent, and the 50 per cent threshold was reached in 2007 when 3.3 billion people were ‘urban’. The latest McKinsey Report (2012) estimates that 80 per cent of the new economic growth will be concentrated in cities, and they comment on the need for huge investment in housing and infrastructure  to meet the new levels of urbanisation.
All these comments focus on the physical aspects and the need for people to live and work in close proximity to each other.  This is different to what Jean Gottman (1961, p.vii) talked about as the “cradle of a new order in the organisation of inhabited space…that was in fact far from orderly”, where he was more concerned about the functional role of the city in 2050 and the possibility of the hard wired city, both within its boundaries and to the world more generally. The rationale for the city now and in the future must be the continued importance of face to face contact, networking and social interactions.

The potential consequences of these three planetary boundaries for urban mobility are substantial, and the four interface examples given demonstrate the complexity and the linkages between them.  Lower levels of economic activity might result in less demand for travel, but the organisation of global trade and business might suggest that long distance travel (and supply chains) would be maintained.  The demographic factors of an ageing (and wealthy) population might boost travel for leisure and social activities, and migration patterns are already imposing new pressures on cities.  
The net effects will not necessarily be a diminution in the use of energy in transport, or in a reduction in the levels of CO2. For example, much of the population increase will take place in cities in developing countries, where some 2-3 billion people will become ‘middle class’ by 2020, as defined by the McKinsey Report (2012) as those with a per capita income of between $2000-$3000. These people will have increased levels of mobility and there will be additional pressures on resource consumption and the environment. In high income countries, there is the imperative to promote new low carbon technologies and lower patterns of consumption, as these countries currently account for 75 per cent of global consumption and 41 per cent of carbon emissions, but only accommodate 16 per cent of the world population (World Bank, 2012). 
An extensive range of policy interventions have been introduced to respond to the need for more sustainable transport in cities, mainly as stand alone strategies to address particular problems, but more recently as a set of coordinated policies. These policy packages are designed to work together in mutually supporting ways so that the intended benefits of a change are more likely to be locked in and the rebound effects minimised (Banister, 2005). Rebound effects mean that environmental policies do not achieve all of their stated aims, as people tend to travel more if they think that they are doing it more efficiently (Herring and Sorrell, 2008). 
This is where the complexity of policy decisions becomes apparent as conflicting priorities are often resolved in ways that do not improve the overall sustainability of the transport system. The Sustainable Mobility Paradigm is intended to shift thinking through encouraging lower levels of mobility and shorter distances within cities, as well as promoting more efficient low carbon transport. It is also concerned about the creation of spaces and localities in the city that are attractive and affordable, as neighbourhood quality is central to sustainable mobility (Banister, 2008). Part of this discussion is not just about the measures that can be used, but the process by which alternatives are discussed, so that there is an understanding of the rationale behind the policy changes and an increased likelihood that behavioural change follows. Public acceptability is central to successful implementation of radical change, and it should involve community and stakeholder commitment to the process of discussion, decision making and implementation. 

The Sustainable Mobility Paradigm addresses the need to reassess the basic thinking and to question the need for high levels of motorized mobility, with its high levels of associated environmental, safety and health costs. The sustainable mobility paradigm (Figure 6) challenges the importance of speed and travel time savings, through emphasizing the need for sustainability which means slower travel, reasonable travel times and travel time reliability. Although this approach has been applied mainly in the developed countries, similar arguments can be made for the rapidly growing Asian cities, as demonstrated by the Asian Development Bank’s Sustainable Urban Transport and its five core themes (Table 2). 
Figure 6: The Sustainable Mobility Paradigm
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Source: Banister, 2008
Table 2: ADB’s Sustainable Urban Transport Paradigm


Source: ADB, 2009, p4
The ADB  report (2009) concludes that “Taken together, these elements comprise a fundamental change of direction. ADB’s new paradigm moves from technical, opaque policy-making to participatory, evidence based policy-making in which the transport planning profession collaborates with other stakeholders to develop policies that balance the needs of all sectors of society. Instead of reacting to inevitable phenomena, the new approach is proactive and maintains constant focus on the overall purpose of transport planning: the development of sustainable and socially inclusive cities”(p4).

These two complementary approaches are beginning to help redefine the important elements of the sustainable transport system for cities, that address the issues raised by the planetary boundaries within the context of cities through substantially reducing CO2 emissions, through integrating mobility more effectively with the new economies of cities, through addressing the mobility and ageing population, and through participatory processes where there is active involvement with stakeholder communities so that ownership of strategies can take place.
5. The Availability and Use of Space in Cities
Thinking about the longer term future of urban mobility requires some Vision of the city in terms of its functions, shape, size, organisation and rationale, so that the role of transport and movement can be framed within that perspective.  This Vision could be the same as the present or it could be radically different, and there may need to be more than one ‘future’. Embedded within all futures would be the quality of life in the city and the use of space – this is the main constraint on all forms of movement.  Road space requirements increase with vehicle speed and size.  Litman (2012) has produced a set of figures to illustrate the space requirements for different forms of movement when stationary and moving (Table 3). The basic arithmetic here is clear, namely that the pedestrian and bus passenger take up least space when stationary or moving, and the bicycle is also an efficient user of city space.  At low speed the car takes up about 10 times as much space as a pedestrian, and this increases to 100 times when moving at speed. The space available for movement in cities is critical for its economic success, but it must be used efficiently.

Table 3: Typical travel space requirements by mode

	
	Speed 

mph (and km/hr)
	Standing/Parked

sq ft (and sq m)
	Travelling 

sq ft (and sq m)

	Pedestrian

Bicycle

Bus passenger

Car - slow

Car – fast
	3 (5)

10 (16)

15 (24)

20 (30)

60 (90)
	10 (0.95)

20 (1.86)

20 (1.86)

100 (9.29)

100 (9.29)
	30 (2.85)

100 (9.29)

20 (1.86)

300 (27.87)

3000 (278.7)


Source: Litman (2012) Table 5

A second dimension to this space question is that many cities were never designed for the levels of mobility that a current, as street space is limited and it has many other uses apart from traffic movement (e.g. as markets, as social space, and as work space).  Typically, about a quarter of the ground level urban area is available for streets (Table 4), but in many of the largest and rapidly developing city that figure decreases substantially
.

Table 4: Road supply as a percentage of urbanised area

	Developing countries
	% land used for roads
	Developing countries
	% land used for roads
	Developed countries
	% land used for roads

	Kolkata

Shanghai

Bangkok

Seoul
	6.4

7.4

11.4

20.0
	Delhi

Sao Paulo
	21.0

21.0
	New York

London

Tokyo

Paris
	22.0

23.0

24.0

25.0


Source: Vasconcellos, 2001, Table 2.1
In addition to the space issue, there are two other key factors that have determined travel and transport in cities in the past – time and speed – and these central tenets need to be reassessed. Travel time has been seen to have an instrumental value, and it has been seen as ‘wasted’ in the sense that it needs to be minimised.  This in turn means that the forms of transport have to be speeded up so that time is ‘saved’.  Such an approach might have been tenable when resources are cheap and plentiful, but with the new agenda that requires resource efficiency and low carbon energy, new thinking is required.

1. Speed is important for some activities, but not for others. With investments favouring faster travel, resource consumption has increased and the higher speeds have resulted in longer distances being travelled, and no real savings in overall travel time.  Low carbon mobility means shorter distances and slower travel, particularly in the city where there are substantial opportunities to achieve this objective by more efficient modes of transport.

2. Time is a non storable resource that can be used creatively whilst travelling. Not all travel time is wasted, and within the constraints of low carbon mobility concerns should be redirected to notions of reasonable travel time and travel time reliability.  These would need to be consistent with slower travel and low carbon mobility. 

Underlying this ‘new thinking’ about travel in the city is the view that a new holistic perspective is being proposed that begins to embrace the complexity of decisions about the priorities for urban mobility over the next 4 decades.  Slower travel over shorter distances by efficient forms of transport with space allocated to those modes addresses all three of the planetary boundaries – environmental (low carbon and resource efficient), economic (efficient), and social (accessible to all). 

The logical conclusion to this argument is that low carbon mobility in cities is the possibility of a shared transport city. This concept combines the need for efficient and modern public transport systems (BRT, trams, metro and buses) with new forms of ownership where vehicles are shared rather than owned.  This has already happened with cycle hire schemes in many cities, and it is now being extended to small slow EVs that are rented.  Many cities do not have the space for high levels of car based mobility, so the concern should be over the efficient use of space that determines the nature of urban mobility, limited by the additional imperative of low (or zero) carbon.

6. City Form and Structure: 

Innovative Visions of the future of urban mobility in the city are instructive, but even over the period to 2050 city structures may not change substantially.  Although buildings are increasingly flexible in their use, much of the supporting infrastructure has a life of more than 100 years.  It is the functions and activities in the city that are changing rapidly, together with the growth in population (from both younger and older people).  So rather than rethinking the city and fitting a low carbon mobility to that city, the real opportunity is to think both practically and more conceptually about how existing cities might be adapted to accommodate these new imperatives.

There is no universal solution, but the successful cities of 2050 will be those that can adapt best to the new agenda, even though there is still substantial inertia in the system. Some cities may even become dysfunctional, as commuting distances and the time taken to get to work exceeds 3 hours. For different city sizes and densities, it means that part of the agenda should be to look at new urban structures that can accommodate 70% of the global population (including many more elderly people), that can be resilient to climate change, and that offers opportunities for employment and wealth creation (for younger people).
The Sustainable Mobility Paradigm promotes the case for urban spatial structure being central in determining transport mode and distance travelled, as it links the spatial distribution of population, jobs and other activities within the city to the pattern of trips. Higher density cities encourage more walking and cycling to take place, particularly if space is allocated for exclusive rights of way. This means that the available street space in cities can be optimized for the highest number of users, giving both environmental and social benefits. The arguments for high urban densities are strong for both transport and land take reasons, and cities should be encouraged to build upwards (high rise) and not outwards (suburban sprawl – Glaeser, 2011).

The Shared Transport City might well operate efficiently as a mono-centric structure with a radial pattern of transport links into the centre, where most of the jobs are located. Densities are highest in the centre and the system can support both public transport and non-motorized transport, as distances are relatively short. As cities grow larger, more complex structures are needed (e.g. London and Jakarta). Polycentric cities have several centres and develop a hierarchy of functions that can result in more local activities being carried out at the smaller centres, and higher function activities in the major centre (e.g. Rio de Janeiro and Mexico City). Here non-motorized modes can be important at the local level, but a high quality public transport system is needed so that travel to the major centre and between the minor centres can be undertaken. But even here, there is an increasing randomness in all travel movements, which means that the quality and density of the public transport network (including interchanges) has to be of a high order.

A third structure, the Axial city has developed where there are two major cities that are about 200km apart and joined by a high speed rail link. For example, in China development has taken place at the two ‘end’ cities (Jinan and Qingdao), but also at the intermediate stations along the route that are accessible to the high speed rail link (Zibo and Qingzhou). In all cases it is important to develop around the highly accessible public transport nodes, so that the attractiveness of these new transport development areas is fully realized. Development needs to include mixed uses, covering housing, jobs, schools, shops, health facilities and recreational opportunities. These public transport interchanges can become the new commercial hubs for cities, for example in Canary Wharf (London), and Shin Yokohama (Japan). Singapore has also constructed public housing close to the metro stations, and this allows lower income people access to both housing and transport, and it is particularly important for women to be able to carry out their everyday activities, as their travel patterns are often complex (Chew, 2011). 

The final possibility is the Satellite city where new towns are built around an existing centre (Seoul and Shanghai), with good quality links to the central city. The intention with satellite towns is that each would be self sufficient with a balance between jobs and housing, so that the daily travel would be carried out locally. The difficulty here is that this option can result in high levels of commuting between the satellite town and the central city.

In all cases, the strategic planning of the city and the role that transport plays in achieving these objectives needs to be balanced by supporting local actions taken at the neighbourhood level.  It is at the neighbourhood level that cycling and walking become important modes of transport for access to local work, and other services and facilities, and these complement the need to travel longer distances by bus, tram and rail to the city centre. Decisions about the ownership and use of available space for movement is central, as the demand for movement in cities will increase at a rate that is much greater than the availability of new infrastructure. City wide decisions need to take account of the requirements of the population and businesses, so that movement can take place in an efficient and environmentally acceptable manner.  This requires a range of complementary strategic and local planning measures and regulations that need to be effectively enforced, including the location and type of development. To encourage the use of low carbon transport (walk, cycle and public transport) is central to meeting the three planetary boundaries identified earlier in this paper, as it addresses the environmental, economic and social dimensions of sustainability.
City structure is just one of the major elements that can be used to promote more sustainable mobility (Figure 6), as it can encourage shorter journeys, better use of scarce space and more efficient movement.  Complementary transport policy measures and packages need to be implemented to reinforce the benefits of strong urban structures.  These would include pricing of externalities in transport, regulations on access, environmental and other standards for vehicles, parking pricing and controls, park and ride schemes, congestion charging, and investment in public transport.

7. Conclusions
In discussing post carbon mobility, it is not just a question of what can be done, but how such a transition can take place.  Giddens (2009) has stated that fear is not the best way to induce low carbon futures, and that there needs to be a positive alternative and new path dependencies. Arthur (2009) suggests that innovation takes 30-40 years and depends on new combinations of elements working together synchronously to create new habits and imaginations. Neither of these transitions suggest that living within the planetary boundaries is easy, but they both state that thinking positively is better than thinking negatively, and they note that time for change is needed.
Part of the solution must lie in a better understanding of the importance of time and how people want to use time in travel and other activities.  The concerns over speed and travel time savings need to be related to reliable and reasonable travel times (Banister, 2011).  The quality of life in cities is also central, as signified by the designation of clear zones and open spaces for people to meet and spend time together, and as high levels of local pollutants have a direct effect on health.  The promotion of active transport also promotes a healthy life style.  The reallocation of space in cities to cyclists and walkers with their own separate green networks of routes would create the most suitable conditions for change.  By altering the speed and scale of activity, many spaces would become places that people would want to spend time and money. This is where urban structure, urban design and the use of space all become central in determining the means by which sustainable urban forms can be established, based on the following four principles:
a) Increasing levels of urban density and reducing levels of urban sprawl so that journey lengths and the levels of car dependence can be reduced;

b) Complementary distribution of services and facilities to minimise trip lengths and increase accessibility, as many activities can then be undertaken on one journey (the linking of activities);

c) Concentration of destinations (work places and shops), as this allows multi purpose trips and less travel, as well as providing the flows for efficient public transport;

d) Allocation of space to different uses to make it clear as to whose space it is - this has implications for pedestrianisation, residential and shopping areas, as well as providing networks for cyclists and walkers, and it relates to the ownership of urban space.

City structure evolves over time. But once a particular pathway is followed, it becomes really difficult to change that direction. Cities can no longer wait until they get rich before thinking about urban design, energy consumption and emissions, as it will be too late and the critical planetary boundaries will have all been exceeded.  
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Estimated profile of per capita CO2 emissions by age, based on nine consumption goods:


Electricity; natural gas; gasoline; air flights; tobacco products; clothes; food; cars; and furniture.


Source: Zagheni (2011)








Figure 3: Time taken for per capita incomes to double





Note: Time to increase per capita GDP in PPP terms from $1,300 to $2,600


Source: Maddison (2011)





Figure 2: Shift in the World’s economic centre of gravity from 1000 to 2025











Figure 4: Age related CO2 emissions in the US (2007)








Note: Calculated by weighting national GDP by each nation’s centre of gravity – a line drawn from the centre of the earth through the economic centre of gravity locates it on the surface.


Source: Maddison (2011)





Figure 5: Urban Density and Transport CO2 Emissions








Atlanta and Barcelona have about the same population – but Atlanta’s urban area is 26 times larger than that of Barcelona – and its CO2 emissions levels are over 4 times as high. But the CO2 figures for Barcelona are much higher than other cities with the same densities.





Transport policy is defined by what works. No longer is policy the preserve of the technical specialist: stakeholders—including end users—participate in the policy-making process to ensure that plans and projects reflect actual needs.


Land use planning is part of the solution. The erstwhile link between land use and transport planning is recreated to facilitate the provision of public transport and reduce the need for travel.


Transport demand is managed to supply and projects are centered on traffic restraint and the greater use of public transport. No longer is road traffic capacity automatically expanded in response to demand forecasts.


Transport plans and projects reflect a wider city vision or spatial strategy. They are also affordable, adaptable, and implementable. Furthermore, policy makers recognize that soft measures such as public transport advertising, internet shopping, telecommuting and teleconferencing, and better information are effective ways to influence behavior.


Policy effectiveness is demonstrated to a skeptical stakeholder community.











1 CO2 concentrations are currently about 385 ppmv and with other greenhouse gases being included, this value increases to 430 ppmv CO2e (2009).   A level of 450 ppmv CO2e means that there is a 26-78 per cent chance of exceeding 2�oC.  A level of 550 ppmv CO2e means that there is a 63-99 per cent chance of exceeding 2oC. If global concentrations of greenhouse gases stabilise at 560 ppmv CO2e, it is ‘likely’ that global mean surface temperatures will rise by 3oC above pre-industrial levels (Meinshausen, 2006).


� Note that the NER300 fund designed to help finance carbon capture and storage (CCS) in Europe has been severely reduced as a result of the loss of value in carbon credits (CC).  The intention was to fund CCS through the increasing value of CCs, and the NER300 was launched in 2010 when CC was worth €16.52 tCO2, meaning that the funding for CCS was about €3 billion.  CC are now valued at €7.36 tCO2, and for CCS to be economically viable a price over €80 tCO2 is needed (EC, 2012).


� Note that the area devoted to streets gives a distorted view as density is not controlled for.  So a city with low density can have a low per cent of land allocated to streets, whilst a city of high density can have a higher per cent of land allocated to streets.  For example, the San Francisco peninsula has a population density of 17,166 persons per sq mile and 26% of land is devoted to streets; the corresponding figures for Downtown Dallas are 4,339 and 13% and the core of Shanghai 17,728 and 7%. In many rapidly growing cities, there are high densities and low per cent of land allocated to streets, thus exacerbating the problems of movement.
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