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1. Introduction

It is difficult to imagine a future without the car or even a future with substantially less use of the car, yet this possibility is now beginning to become a reality, at least in some cities where people have chosen to improve the quality of their life rather than their levels of mobility (e.g. Freiburg and Vauban).  But even if the future is less dramatic than car free, there are likely to be increasing constraints on the use of the car and the car itself may also change dramatically over the next 20 years.  This paper attempts to think about some of the possible challenges that face researchers over this period by arguing for the sustainable mobility paradigm in terms of how it can contribute to a safer and healthier transport system.  It is suggested that new thinking is already taking place on looking at ways to reduce speeds on our roads so that new targets for road safety can be achieved by 2020 (DfT, 2009).  But it goes further to make the links between reductions in speeds and the increased use of active transport to achieve both a safer and a healthier transport system, at least in our cities.  The undervaluation of the health benefits of sustainable mobility means that the conventional loss of travel time through slower travel outweighs the benefits of safer and healthier transport.  The key question raised here is whether this balance is correct, or whether the social and environmental benefits should outweigh the more conventional economic benefits.
2.  The Sustainable Mobility Paradigm

Sustainable mobility provides a new paradigm within which to investigate the complexity of cities, and to strengthen the links between the social and environmental factors and transport.  The city is the most sustainable urban form and it has to provide the location where most (70-80%) of the world’s population will live.  Empirical research in Europe has concluded that the key parameters of a sustainable city are that they should be over 50,000 population, with medium densities (over 40 persons per hectare), with mixed use developments, and preference given to developments in public transport accessible corridors and near to highly public transport accessible interchanges where densities would be substantially higher (over 80 persons per hectare) (Banister, 2005).  Such developments conform to the requirements of service and information based economies, and settlements of this scale would also be linked together to form agglomerations of polycentric cities, with clear hierarchies that would allow a close proximity of everyday facilities and high levels of accessibility to higher order activities (Hall and Pain, 2006).

Such urban forms would keep average trip lengths to below the thresholds required for maximum use of cycle and walk modes.  It would also permit high levels of innovative services and public transport priority, so that the need to use the car would be minimised.  Through the combination of clear planning strategies, cities would be designed at the personal scale to allow both high quality accessibility and a high quality environment.  The intention is not to prohibit the use of the car as this would be both difficult to achieve and it would be seen as being against the notions of freedom and choice.  The intention is to design cities of such quality and at a suitable scale that people would not need to have a car.

This alternative approach requires clear and innovative thinking about city futures in terms of the reality (what is already there) and the desirability (what we would like to see), and the role that transport can (and should) play in achieving these objectives. The sustainable city must balance the requirements along the physical dimensions (urban form and traffic) against those concerning the social dimensions (people and proximity). The sustainable mobility paradigm requires actions to reduce the need to travel (less trips), to encourage modal shift, to reduce trip lengths and to encourage greater efficiency in the transport system. To achieve a sustainable transport system, we must travel less.
2.1 Reducing the need to travel - substitution 

In its pure form this means that a trip is no longer made, as it has either been replaced by a non-travel activity or it has been substituted through technology, for example Internet shopping. The impact of information and communications technologies (ICT) on transport is complex, and current thinking (Banister and Stead, 2004) argues for complementarity between transport and ICT. Although there is a large substitution potential, the relationships between transport and ICT seem to be symbiotic with a greater opportunity for flexibility in travel patterns, as some activities are substituted, whilst others are generated, and some replaced by fewer longer distance journeys (Lyons and Kenyon, 2003).   There is also the possibility of carrying out a “trip tour”, where several activities are engaged in so that one longer journey replaces three or four shorter single activity trips. There is a net saving in travel distance. Technology facilitates many different combinations of activities.
2.2 Transport policy measures - modal shift 

Transport policy measures can reduce levels of car use through the promotion of walk and cycle and the development of the new transport hierarchy. This can be achieved through slowing down urban traffic and reallocating space to public transport, through parking controls and road pricing, and through making it easier to use public transport. Demand management is effective in restricting access and reallocating space, and making more effective use of the available capacity. A much wider notion of the street is being created, as it is no longer only being considered as a road but also as a space for people, green modes and public transport. Creative use of that space at different times of the day or day of the week means also that new uses can be encouraged (e.g. street markets or play zones). Measures to encourage modal shift must be combined with strategies to make the best use of the “released space”, so that there is a net reduction in traffic (Banister and Marshall, 2000). 

2.3 Land use planning measures – distance reduction 

These measures address the physical separation of activities and the means by which distance can be reduced. The intention is to build sustainable mobility into the patterns of urban form and layouts, which in turn may lead to a switch to green modes of transport. It is one area of public policy were intervention can take place, through increasing densities and concentration, through mixed use development, through housing location, through the design of buildings, space and route layouts, through public transport oriented development and transport development areas, through car-free development, and through establishing size thresholds for the availability of services and facilities. The timescale over which sustainable mobility might be realised is similar to the turnover of the building stock (about 2 per cent per annum), but decisions on the location of new housing will have a single dramatic effect on travel patterns and these effects will impact over the lifetime of that housing. 

2.4 Technological innovation – efficiency increase 

The role of technology is still important, as it impacts on the efficiency of transport directly through ensuring that the best available technology is being used in terms of engine design, alternative fuels, and the use of renewable energy sources. Standards can also be introduced to reduce levels of noise and emissions at source, and measures can be taken to ensure that access to certain parts of the city are restricted to those vehicles that are seen to be environmentally cleaner than other vehicles. This is a combination of technological efficiency and behavioural change (e.g. ecological driving and adherence to speed limits).  It would also include increasing load factors in both the passenger and freight sectors, where again there are substantial opportunities to use the new technologies creatively to match up journeys or loads to increase occupancy levels.

Summarising these four actions, it seems that the key to such a shift in thinking is the creation of spaces and localities in the city that are attractive and affordable, as neighbourhood quality is central to sustainable mobility.  Transport planning must involve the people
, 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 must involve community and stakeholder commitment to the process of discussion, decision making and implementation. 

The thinking behind the sustainable mobility paradigm has been the need to reassess the basic thinking of the conventional transport planning model that has been in use for the last 50 years, and to use the same arguments to question the need for such high levels of motorised mobility, as it has substantial environmental, safety and health outcomes (Banister, 2008).  It is also based on the assumption that travel time savings from faster travel have a real value.  The sustainable mobility paradigm challenges the importance of speed and travel time savings, through emphasising the need for sustainability which means slower travel, reasonable travel times and travel time reliability.
Within this paradigm, health is viewed in three main ways, as less motorised traffic or “cleaner” vehicles improve local air quality, as slower travel leads to improvements in road safety, and as more active transport has direct health benefits (Figure 1).  In addition these improvements are likely to have a positive effect on climate change through reductions in the use of carbon based fuels and less CO2 emissions.  Each of these elements is discussed in this paper, and the scale of the impacts is indicated in the box under the Figure.

Figure 1: The Linkages between CO2, Safer and Healthier Transport 












	Urban Road Accidents – Cost £12bn a year, and affects the young, those living in deprived areas and pedestrians disproportionately – 62% of deaths and serious injuries from road accidents occur in urban areas.
Air Pollutants from Transport – Lead to short and long term ill-health.  Estimated cost of particulate pollution alone exceeds £9bn annually. Oxides of nitrogen and particulate air pollution cause 12,000 - 24,000 premature deaths and a reduction in life expectancy of 8 months (Defra, 2007). 

Noise causes sleep disturbance and stress, and this may be linked to heart disease.

Physical Inactivity is a risk factor for several diseases, and the estimated cost of physical inactivity and obesity is in excess of £10bn in England alone (NHS, 2007).


Note: Figures include annual aggregate human, medical, economic and administrative costs

Source: All figures are for the UK – DfT (2009) and Cabinet Office (2009)
3. Futures

Much of the recent debate has been focused on the contribution of transport to CO2 emissions and the need to significantly reduce its carbon dependence.  At present, transport is responsible for 24% of CO2 emissions, and this figure has increased steadily over the last twenty years, against the backcloth of reductions across other sectors of the UK economy.  Most research on the patterns of growth in carbon emissions has been optimistic about the potential for change (see King Reports, 2007 and 2008), but the reality has proved much more difficult, as the patterns of purchasing new cars has continued to favour the larger less efficient models (SMMT, 2006).  With the increased price of fuel, some incentives for less polluting vehicles, and new EU mandatory targets for manufacturers, there may now be a move towards more efficient cars, as consumers respond positively to market signals.  However, the scale of change needed and the time taken to substantially restructure the car stock means that it will be impossible to reach the economy wide targets for CO2 reduction in the transport sector by 2025 or 2050 (Hickman, Ashiru and Banister, 2009), as illustrated in the following summary table for the VIBAT-London project (Visioning and Backcasting for Transport).
	London: Target of 60% reduction in CO2 emissions from transport by 2025.  This was the target set for London to cover all sectors from 1990 by the Climate Change Action Plan (GLA, 2007).

A strong set of options applied across transport would achieve about half the required level of reduction – see Tables 1 and 2.

Low emissions vehicles and alternative fuels are likely to remain the most important options, but this depends on active take up by users.

Behavioural measures such as wide scale application of pricing measures, increased use of public transport, walk and cycle, ecological driving and slower speeds, and more efficient freight distribution can all make small but significant contributions.

Soft measures, such as travel plans, car sharing and travel awareness programmes also help, as do strong urban planning actions.

All actions need to be considered individually, but also in combination as the real benefits occur when they act in mutually supporting ways.
www.vibat.org 


Much work is now emerging on the challenges facing the transport sector, and the difficulty in making a substantial contribution to CO2 reduction targets.  Even though this sector has a major role to play in allowing mobility and access to all other activities, it cannot be exempt from change.

Table 1: CO2 Projections and Targets for London

	Scenario  (MtCO2)
	1990
	2006
	2025
	2050

	BAU projection (cross sectoral)
	45.1
	44.3
	51.0
	

	BAU projection (transport, excluding air)
	9.9
	9.6
	11.7
	

	T2025 target (cross sectoral)   30% reduction by 2025 on a 1990 baseline 
	31.6
	

	CCAP target (cross sectoral)  60% reduction by 2025 on a 1990 baseline
	18.0
	

	VIBAT London target (transport, excluding air)

60% reduction by 2025 against a BAU projection

80% reduction by 2050 against a BAU projection
	4.0
	2.0


Based on Hickman, et al (2008)
Table 2: A Balanced Strategic Policy Package

	Policy Package (PP)
	Level of Application
	% of VIBAT London Target by 2025

	PP1 Low Emission Vehicles
	Medium: 120 gCO2/km car fleet; 900 gCO2/km heavy goods vehicles (fully loaded)
	13.0%

	PP2 Alternative Fuels
	Low 
	0.6%

	PP3 Regimes
	BAU/medium – BAU congestion charging scheme; medium parking charging
	0.8%

	PP4 Public Transport
	Medium – medium investment strategy; medium fare reduction
	5.1%

	PP5 Walking and Cycling
	Medium
	1.0%

	PP6 Urban Planning
	BAU
	-

	PP7 Information and Communications Technologies (ICT)
	Medium
	1.0%

	PP8 Smarter Choice ‘Soft’ Measures
	Medium
	1.6%

	PP9 Slower Speeds and Ecological Driving
	Medium
	3.1%

	PP10 Long Distance Travel Substitution
	Medium
	0.6%

	PP11 Freight Transport
	Medium
	0.8%

	Progress against VIBAT London Target (60% reduction against BAU 2025)
	27.6%


Note: Target achievement is shown against a BAU projection. Within the BAU for London, the T2025 Reference Case (Scenario 1) is normally used.  Modelled using TC-SIM v.3.
4. Speed

One of the major options considered in the VIBAT-London study summarised above was slower speeds and ecological driving (PP9), as this can have substantial immediate and longer term effects on energy consumption in urban areas.  Slower speeds have the potential to provide for 15-20% reductions in CO2 emissions if a maximum speed of 80 km/hr is introduced on motorways and dual carriage trunk roads, with lower speeds on other roads such as residential streets.  Effective compliance is essential, as this is likely to impact on the emissions reduction levels.
In urban areas, the effects might be less clear and there may also be a possible increase in CO2 emissions, as the fuel speed curves have high levels at the low and high speed ends of the distribution (Carsten et al, 2008).

	Mean figures for CO2 emissions for test vehicle – Skoda Fabia 1.4 Estate

20 mph
222.1 g/km
30 mph
185.1 g/km
40 mph
164.0 g/km
60 mph
148.2 g/km
70 mph
170.8 g/km


This argument was supported by the DfT (2009) in their three assessments of speed options produced as part of their review of road safety, as shown in the box below.
	Speed Reduction Options considered by the DfT (2009)
1. Reduce national speed limits from 60 mph to 50 mph – this would lead to casualty savings of £4458m and greenhouse gas emissions reductions of £145m – total benefits of £4603m.  But the costs would be £4644m and the main additional cost would be the increases in travel time (£4639m), even though there would be increase travel time reliability due to fewer accidents and less congestion.  Reduced speed limits of 10 mph without enforcement leads to an actual reduction of 2.4mph. Proposal made for selective speed reductions
2. Increase self reinforcing 20 mph zones in residential areas – It is assumed that about half the suitable roads would be converted to 20 mph, and this would have costs of £867m from new signs, road markings, engineering changes and a media campaign, and increases in fuel consumption and emissions of £113.5m.  There are no travel time costs included in the analysis. The benefits of £1538m arise from the casualty savings (about 30%) from lower speeds, and there are likely to be health benefits from expected increases in walk and cycling. The benefits depend on reduced speeds and compliance.

3. Motorway speed limits to be raised to 80 mph or left at 70 mph or reduced to 60 mph.  The safety benefits of reduced speeds (70 to 60 mph) are outweighed by travel time losses, so not taken further, and the increase speed option (to 80 mph) lead to more casualties and emissions so not taken further.  “….the benefits of increasing compliance with the existing 70 mph limit did not justify the extra costs of enforcement” (DfT, 2007, p113).


This suggests that speed reduction may not contribute substantially to CO2 reduction targets, but that there are still substantial safety and health benefits.  Speeding in urban areas has declined in the UK from 72% (1966) to 49% (2007), but speed is still a contributory factor to about 25% of all road fatalities (DfT, 2009).  The standard relationship is that a 1% reduction in speed leads to a 5% reduction in the number of collisions, and that pedestrian “non-survival” rate improve from 1 in 5 to 1 in 40 if speeds are reduced from 30 mph to 20 mph.
Reductions in the volumes and speeds of motorised traffic result in less danger, but this needs to be countered by the consequences of the greater numbers of people walking and cycling.  Separation of traffic from pedestrians and cyclists would make a substantial difference to the risk of accidents (Woodcock et al, 2009).

5.  Healthy Transport

The third element taken from Figure 1 is the need for active transport to become a dominant feature of our cities.  As a consequence of this change, both the emissions of CO2 and the safety of all residents will be improved.  There are two basic elements to this debate.
The local pollutants emitted by all vehicles have a direct effect on health and the quality of life in cities.  In the transport sector, local emissions have been tackled through regulations on emissions, set by the EU through a gradual increase in the quality of fuel used and through the increased effectiveness of add-on technologies.  All new vehicles have to conform to these requirements and improvements have been dramatic.
	From 1990-2001, the concentrations of air pollutants have been reduced by 35% for PM10, by 45% for NO2, and by 60% for CO. This has resulted in the avoidance of 4200 premature deaths and 3500 hospital admissions per year (Defra, 2007).

The Defra Air quality Strategy estimates a Benefit Cost Ratio of over 10 as the costs (1990-2001) were £6bn and the benefits were £68bn.


In addition, cities can designate areas as low emissions zones where only “clean” vehicles are permitted to enter, and these areas are now being used to meet air quality obligations as non conforming vehicles are either excluded or charged for entry.

The second element results from the consequences of a lack of physical activity, and this also has substantial costs for the health service and the wider economy.  Perceived danger of walking and cycling is a strong disincentive to active transport, and oil has increasingly displaced food as the main energy source for human movement (Woodcock et al, 2007).  Many short journeys have been replaced by the car, and even though many public transport trips have an element of walking, this is not sufficient to maintain levels of physical activity.  Cycling in the UK has seen a small revival, but it has been from a very low baseline. There is growing evidence of the links between physical inactivity and weight on the risk of diabetes, heart disease, colon cancer, strokes and breast cancer (Bull et al, 2004).
Food-energy intake has not decreased in line with reductions in physical activity, and many countries are experiencing an epidemic in obesity (Woodcock et al, 2007).  According to the Global Burden of Disease Study, obesity accounts for 30m DALYs
  lost, with physical inactivity accounting for a further 19m DALYs (http://www.who.int/healthinfo/global_burden_disease/en/).  In the UK, about 66% of adults do not get enough exercise, and the majority of the population are now overweight or obese
 (http://www.ox.ac.uk/media/news_releases_for_journalists/overweight_by_2032.html). To encourage real change requires a well connected and safe network of routes for cyclists and pedestrians that are of a sufficient quality to encourage a high level of use, and this physical infrastructure needs to be supported by skills and awareness programmes that target particular users.  The links between health and active transport needs to be emphasised through education programmes and the involvement of doctors. Copenhagen is often cited as a good example of a cycling city.  In a study of 30,000 people over a 14 year period, it was found that cycling to work reduced the risk of mortality at a given age by 39% relative to those that did not cycle (Andersen et al, 2000), and over half of cyclists (54%) cite speed and convenience as their main reason for cycling!!
6. Conclusions
There seems to be a convergence of views in that there can be substantial benefits arising from concerted action in urban areas that improves both safety and the quality of the local environment, whilst at the same time contributing substantial health benefits to the population, even though the CO2 reductions may be not so clear cut.  The CO2 reductions will be contingent upon the scale of take up of active transport and on the role that the car still has in the urban area.
Table 3: Summary of Dimensions and Actions

	
	Air Quality
	Safety
	Health

	Legal
	Car free areas

Low emissions zones
	Speed limits

High quality local design

Ownership of space
	

	Regulation
	Emissions and fuel standards
	Safety standards
	Education

Life long learning

	Behavioural
	Pricing

Incentives

Smarter choices 
	Campaigns

Social norms

Enforcement
	Incentives

Walking and cycling




Central to the success of any scheme must be the reallocation of space in the city to pedestrians and cyclists – this is the key to sustainable mobility. Cities provide us with the best opportunity for moving towards sustainable transport.  The starting point needs to be a view as to the sustainable city of the future, in terms of its economic functions (e.g. employment, government, housing, education and health), as well as its attractiveness (e.g. cultural, social and community).  The city should be inclusive and cater for all sections of the population.  The quality of life should be high, with city living based around good quality affordable housing, strong neighbourhoods and good facilities that are easily accessible.  This would seem to match up with the three pillars of economic, equity and environmental elements of the sustainable city.  The city must be seen as a place for people, providing opportunities for all, in a safe and secure neighbourhood, with green space and other recreational facilities accessible to all.  It is then that we consider what sort of sustainable transport system might be most appropriate to fit this vision of the city - transport serves the city.

In many European cities, over 50% of all trips are made by walk and cycling, and this target could be even higher.  The quality of the public transport system should be so good that it is not necessary to own a car in the city.  The car spends most of its time parked, occupying valuable urban space.  It is expensive in terms of the capital and running costs, its depreciation and its insurance costs.  The car should be seen as a functional form of transport, not an icon or an identity statement.  If a car is needed, then it could be hired for a specific purpose, and this would ensure the right sized vehicle is being used in each situation.  These hire vehicles would all be “clean”, probably small electric or plug-in hybrid city vehicles, using the latest technology.  Smart card hire schemes could also be operated for delivery vans, scooters and bicycles.  All public transport would be powered by renewable energy, either electric (trams) or hydrogen fuel cells (buses, bus rapid transit and flexible minibus transport). All transport in the city would be “clean”, with low energy costs and power coming mainly from renewable electricity.

Many of the streets could be closed to vehicles, either permanently or at particular times, so that space can be reallocated to priority users, or for markets, or for safe travel to schools.  Such a change would have health and safety benefits, as would very low speeds in residential and shopping areas where people outnumber vehicles.  Cities would be designed around their public transport networks, with high densities at public transport accessible interchanges, and new residential locations could be designed as car free developments. So much is possible.

Young people need to be engaged in the process of serious debate, as they are the ones that have to sort out the problems that today’s decision makers have failed to address.  The intergenerational equity argument introduced by Brundtland (1987) has come full circle.  The planet is not being passed onto future generations in as good or a better shape as it was inherited. Current young researchers and decision makers need to have the commitment and courage to reverse the inaction of previous generations.  This means that there must be effective leadership that places environmental issues and social equity at the same level, or even above, economic growth. Too often, key environmental and equity concerns are ignored when economic growth is possible, but this option tends to emphasise the short term gains rather than the longer term losses. 

Effective leadership must look at new visions of the city and implement effective strategies that are both politically and publicly acceptable.  It is unlikely that there is going to be any substantial increase in the supply of city infrastructure for transport, and so the biggest challenge for urban planners is to decide how that infrastructure can be managed in the most sustainable way.  This includes the allocation of space to different types of use (perhaps by time of day and day of week), substantial increases in the costs of access by car to that space, and decisions about who actually owns that space.

This is the basic dilemma facing society in terms of climate change and sustainable transport.  People like travelling and much more travel is being undertaken, yet there is also an awareness of the environmental and social costs of travelling, and the individual responsibilities, both locally and globally.  Social networks are growing, and they are increasingly international in their scope, and the global economy is also totally dependent on long supply chains.  To some extent individual behaviour can be modified and travel substituted through technological innovation. But in many cases, there is no substitute for face to face contact, and people want to experience other places and cultures.  It presents a classic case of the conflict between individual preferences and choices, as opposed to the wider concerns of society to protect the environment and future generations.  This is why there are no simple answers to the question about what is sustainable transport, and even the understanding of the complexities of the choices available are also embryonic, and serious debate between all parties now needs to become central to all decisions on the future of cities.
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Figure: Speed emissions curves for CO2 for different types of vehicles 

[image: image1.png]0 20 40 60 80 100120 0 20 40 60 80 100120

LA e p e s S S L s s S
120 0 20 40 60 80 100 120 0 20 40 60 80 100 120

speed (knvh)




Source: Carsten et al (2008).

Policy Objective


Reductions in CO2 emissions and less carbon





Less Motorised Transport





Less Pollution Health Benefits





Kyoto 2 Targets





Fewer Accidents





Individual and Societal Benefits





More Active Transport





Health Benefits – Less Obesity





Transport contributing fully to the -80% 2050 target





Environmental Benefits





Slower Travel





Individual and Societal Benefits





Individual and Societal Benefits








� People are used here to cover all stakeholders with an interest in the quality of their local environment.


� DALYs are disability adjusted life years.


� About 46% of men in England and 32% of women are overweight (a body mass index of 25-30 kg/m2), and an additional 17% of men and 21% of women are obese (a body mass index of more than 30 kg/m2 ). 


Overweight and obesity increase with age. About 28% of men and 27% of women aged 16-24 are overweight or obese but 76% of men and 68% of women aged 55-64 are overweight or obese.


Overweight and obesity are increasing. The percentage of adults who are obese has roughly doubled since the mid-1980's. 








PAGE  
4

