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Abstract

Road transport is a major source of local air pollution particularly in towns and cities. In urban areas road traffic can account for over half of the emissions of nitrogen oxides and over 75% of the areas identified as at risk of failing to meet air quality targets in the UK do so because of vehicle emissions. Local authorities in Great Britain have completed their statutory review and assessment of air quality. Some 129 local authorities have identified the risk of one or more air quality objectives being exceeded by a relevant date specified in the Air Quality Regulations, 2000  QUOTE "(HM Government, 2000)" 
(HM Government, 2000)
. In such locations air quality management areas (AQMAs) have been designated. In most cases an AQMA is designated because of the impact of vehicle emissions of nitrogen dioxide and particulate matter.   Having designated an AQMA a local authority is under a duty to prepare an Action Plan which sets out the measures and timescale within which air quality within the AQMA will be brought back within acceptable limits.

Given the important contribution of transport sources to objective exceedances local authorities are paying particular attention to the transport management schemes and transport substitution schemes that may, in part, resolve the air quality challenge that they face. To date, local authorities have been advised  by national strategies and guidance on air quality management, transport planning and land use planning.   This framework provides the transport context in which the impact of vehicle emissions in urban areas can be managed.   

Introduction

Road transport is a major source of local air pollution particularly in towns and cities. In urban areas road traffic can account for over half of the emissions of nitrogen oxides and over 75% of the areas identified as at risk of failing to meet air quality targets in the UK do so because of vehicle emissions. Five of the seven pollutants regulated by the Air Quality Regulations
 are emitted in substantial proportions from transport sources. It is becoming more apparent that in many areas of the UK, transport is the predominant source of the two pollutants causing most exceedances of the air quality objectives for local authorities: nitrogen dioxide and particulate matter (PM10)  QUOTE "(Beattie et al., 2000b)" 
(Beattie et al., 2000a,b)
. Between 1986 and 2000 the number of cars registered increased from 17.4m to 26.7m and today some 82% of journeys by mileage are made by car (DEFRA & WAG, forthcoming).       

National policy measures have struggled to deal with the air quality consequences of the growth in vehicle numbers and mileage travelled (Beattie et al, 2001b). Policy responses include regulatory measures to reduce vehicle emissions and improve fuels, tax based measures to encourage the supply and use of cleaner fuels and vehicles and the development of an integrated transport strategy that supports sustainable development. However, national measures alone have been insufficient to bring about a reduction in the air quality impacts of road transport.   

Air quality management

The air quality management (AQM) framework in the UK is designed to provide an effects-based regulation of areas of poor air quality. The AQM process has been legislated through The Environment Act 1995  QUOTE "(HM Government, 1995)" 
(HM Government, 1995)
, which required the Government to develop a National Air Quality Strategy  QUOTE "(Department of the Environment et al., 1997)" 
(Department of the Environment et al., 1997)
.  The focus of the NAQS was the establishment of health based standards for eight specific air pollutants.  The Air Quality Regulations subsequently give legal weight to objectives for seven pollutants, to be achieved by future target dates between 2003 and 2010.  The pollutants for which local authorities are responsible are benzene, 1,3-butadiene, carbon monoxide, lead, nitrogen dioxide, particulate matter (PM10) and sulphur dioxide. Ozone was not included in the Regulations because long range transport of the pollutant makes it unsuitable for management by local government.

The initial responsibility for local authorities in implementing the AQM regime is to undertake a review and assessment of air quality (Beattie et al, 2001b). For the first ‘round’ of reviews and assessments central Government has recommended a three-stage approach, whereby each stage increases in detail and complexity  QUOTE "(Department of the Environment et al., 1995; DETR & National Assembly for Wales, 2000a)" 
(Department of the Environment et al., 1995; DETR & National Assembly for Wales, 2000a)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00/D:\5CResearch assistants folder\5Cphd\5Cphdreferences\03\00\03170/DETR & National Assembly for Wales 2000 170 /id\00/\00 
.  The complexity and detail of the assessment should be consistent with the risk of failing to achieve the air quality objectives by the end of the target years in question. Stage 1 of the process is a 'desk-top' study involving the compilation of data of emissions from transport sources, industrial sources, other significant sources and background concentrations of the seven specific pollutants.  Each authority is required to identify sources in both their authority area and those of their neighbouring authorities that may impact on the air quality within their district  QUOTE "(Beattie & Longhurst, 2000)" 
(Beattie & Longhurst, 2000)
.  

On completion of a Stage 1 review, pollutants need not be considered at the next stage if there is little likelihood of the air quality objectives being breached by the relevant date. Stage 2 is a more sophisticated screening phase, using simple screening models and any available monitoring data in the locality. This stage does not require a prediction of current or future air quality in detail. Pollutants reviewed at Stage 2 are omitted from the process where on more detailed examination it is shown that they are unlikely to exceed the air quality objectives.  A Stage 3 assessment is a detailed study of the locations and pollutants identified by Stages 1 and 2, necessitating monitoring and air pollution dispersion modelling predictions for the relevant years  QUOTE "(Beattie et al., 2000a)" 
(Beattie et al., 2000a)
.  

On completion of a Stage 3 assessment in areas where it appears that objectives are not likely to be reached by the end of the specific pollutant target date, an Air Quality Management Area (AQMA) must be designated. Identifying AQMA boundaries is not an exact science and local authorities are not able to rely solely on empirical data.  Where AQMAs have been designated, local authorities are required to prepare an action plan to identify how the local authority is to work towards achieving air quality objectives in the designated area.  Action plans must reflect the fact that air quality in AQMAs is likely to be influenced by sources external to the local authority boundary  QUOTE "(DETR & National Assembly for Wales, 2000a)" 
(DETR & National Assembly for Wales, 2000a)
.

Outcomes of the first round of review and assessment

The review and assessment process is implemented in ‘rounds’.  The first round of review and assessment was completed at the end of 2000 with air quality management areas declared over a long period between 1999 and 2002.  The next round of reviews and assessments are due to be completed by the end of 2003.  This second ‘round’ will be structured slightly differently with new tools being provided for local authorities to make the process more efficient.  The first round of review and assessments has concluded with some 129 local authorities declaring AQMAs.  107 of these local authorities have officially declared AQMAs and are in the process of action planning, the other 23 are in the process of officially declaring (see www.airquality.co.uk for a full list of those declaring and where the AQMAs are located).

The pollutants for which exceedances have been found are nitrogen dioxide, particulate matter (PM10) and sulphur dioxide.  Of the AQMAs declared to date, 75% are purely traffic related, a further 17% being a combination of traffic and industry  QUOTE "(Leksmono et al., 2002)" 
(Leksmono et al., 2002)
.  This illustrates the dominance of traffic related sources. 
Local authorities have predicted exceedances is major cities such as London, Birmingham, Manchester, Cardiff and Glasgow where one might expect there to be air quality issues but the review and assessment process has also identified areas of exceedance in smaller towns and cities. In such cases the exceedance is often found in areas of narrow streets  QUOTE "(Woodfield et al., 2002)" 
(Woodfield et al., in press)
. Some rural authorities, such as Salisbury District Council in Wiltshire, South Lakeland District Council in Cumbria and Harborough District Council in Leicestershire have designated local canyon-like streets with residential property close to the carriageway as AQMAs, where insufficient dispersion as a result of the street topography and slow moving traffic is predicted to cause future exceedances.  The size of AQMAs in Britain varies from a single property to the full area of a local authority. 

The traffic contribution to AQMAs can be seen in the shape of the areas of exceedance. These often mirror the form of the road networks in town or city centre, the route of a motorway or other trunk road, the canyon like streets in a small market town or the surroundings of a busy road junctions.  The cause and source apportionment of the pollution contributing to the exceedance will vary in these examples and local authorities, in discharging their air quality management responsibilities, will need to ensure that the solutions proposed are proportionate, cost effective and sustainable.

Transport solutions within air quality hotspots

Measures to manage emissions from road transport in the UK can be divided loosely into 3 categories: those measures implemented at a national level, those implemented at a local level, and national policies that direct or facilitate practice at a local level. All these measures themselves, sit within the framework of European legislation and international agreements that the UK is bound by, but are eventually realised through national policy. 

One of the means by which the UK government is currently attempting to reduce the impacts of vehicle emissions is the Air Quality Strategy for England, Scotland, Wales and Northern Ireland (formerly the National Air Quality Strategy) (DEFRA et al, 2000).  The Strategy covers a range of measures at a national level alongside the introduction of a Local Air Quality Management regime, under which those poor air quality hotspots remaining after the implementation of national policies and industrial regulation, and often related to road transport, are to be tackled by local measures implemented by local authorities.

Alongside the LAQM process, a number of other processes instigated at a central government level but carried out at a local authority planning level have been implemented with elements relevant to management of traffic related pollutants.  These generally consist of planning related measures such as development plans and Local Transport Plans (LTPs) but also include specific responsibilities such as those under the Road Traffic Reduction Act 1997 and facilitatory measures such as Part III of the Transport Act 2000, which gave Local Authorities the power to implement road user charging and levies on workplace parking.  The latter look likely to form a key role in achieving the requirements of LAQM.  As the tools that will enable these policies to improve air quality will consist of local measures these will not be dwelt upon here other than to state that almost all action at a local level with regard to remediation of vehicle emissions can be seen as part of a larger national framework. 

 Important amongst these processes is the Local Transport Plan (LTP). The Integrated Transport White Paper  QUOTE "(DETR, 1998)" 
(DETR, 1998)
 introduced the LTP as a means to allocate resources for transport schemes to highways authorities (who may be a local or a county council)  QUOTE "(Vigar, 2000)" 
(Vigar, 2000)
.  LTPs are designed specifically to respond to local transport needs and circumstances and to co-ordinate and improve local transport provision (see Huby and Burkitt, 2000) LTPs are five-yearly integrated transport strategies that link transport policy with other policy areas including health, education, economic development and environmental policy.  Funding should be dependent on how effectively the highway authority can demonstrate these links.  Authorities submitted their first full plans in July 2000 to secure funding for 2001-2 to 2005-6. Between years of full LTP submissions (2000 and subsequently 2005) highways authorities are obliged to submit annual progress reports (APRs).  These documents summarise progress of the local authority towards targets and objectives outlined in the LTP and also report briefly on how the implementation of their LTP is being integrated into wider policy processes such as the air quality management process.  Guidance for the LTP process and good practice guides can be found at http://www.local-transport.dft.gov.uk/index.htm#ltp.  LTPs are expected to be the vehicle through which many air quality improvements are achieved and the LTP is expected to link with any Air Quality Action Plan produced by a local authority.

So, what are the measures being taken forward at a national level?  The principle means by which the government is seeking to improve levels of vehicle derived air pollution is through improvements in vehicle technology: either by improved engine cleanliness and efficiency, or through cleaner fuels.  The backbone of these improvements is the European Union Auto-Oil programme post-2000 standards, including the introduction of increasingly stringent emissions standards for cars and light vans being applied to all new vehicles (Euro III from 2001 and Euro IV from 2006), tighter specifications for the cleanliness of petrol and diesel (2000 and 2005), the overall ban on marketing leaded petrol from 2000.  The initial Euro standards (I & II) helped reduce emissions of PM10 and NOx from road transport by 50% between 1990 and 2000 and are expected to lead to a further reduction of some 30% by 2010. The trend of declining emissions is expected to slow down considerably from about 2010 though, as engine and fuel improvements are offset by continuing traffic growth  QUOTE "(DETR et al., 2000)" 
(DETR et al., 2000)
.

In addition to these regulatory measures, the UK government also seeks to control the use of cleaner fuels and engines through domestic fiscal measures such as lower tax bands for cleaner fuels and cheaper annual road tax for cars with smaller engines.    The government has also set up groups, such as the Cleaner Vehicles Task Force.  The CVTF advise on specific measures that could be implemented to reduce emissions from vehicles, such as their recommendation that an official government greener fleet certification scheme be set up to encourage businesses to take up a wide range of possible measures to make business-related transport more efficient.  This advice is also backed by schemes such as Powershift (see www.transportaction.org.uk) run by the Energy Saving Trust with government funding, which provides grants to help companies and individuals convert conventional vehicles to run on alternative fuels (see www.est.org.uk for details).

Alongside these very specific measures to target emissions, the government has also begun the development of a 10-year transport plan in July 2000. This 10 year plan is designed to deliver a number of the government’s key transport-related policies: reduced congestion, better integrated transport system, and wider choice of quicker, safer, more reliable travel on road, rail and other public transport.   The plan requires fundamental changes in the way that transport usage is organised throughout the UK including stronger partnerships with the private sector; greatly increased resources; closer relationships with local government; more integrated and strategic approaches to policy-making; and better services to meet the needs of the customers. Although aimed at a much broader range of targets than vehicle emissions alone, if the plan is fully implemented reductions are likely to be forthcoming.

In addition to the ‘umbrella’ transport plan, the government is also attempting to encourage modal shift in transport usage through specific projects such as the National Walking Strategy and National Cycling Strategy                                                            (www.dft.gov.uk/itwp/ncs/doc3.htm).  These Strategies are designed to produce ‘good practice’ guidance for schemes to make these modes of transport more attractive and to create a framework whereby funding can be directed towards these schemes.  The NCS, launched in 1996, set out to double the number of trips made by bicycle by 2002 and then again by 2012.

Before moving on to discuss measures being employed at a local authority level, one further central government programme should be mentioned.  In the late 1990s the Department of Transport identified that there was a need to provide advice for local authorities on the impacts of traffic management schemes on air quality, to assist them with their air quality assessment and action plans.  Existing information was limited and as a result the TRAMAQ programme was developed. TRAMAQ (TRAffic Management and Air Quality research programme) is a six-year programme of research commissioned by Department for Transport. The aim of the programme is to research the effects of traffic management schemes on air quality and/or vehicle emissions.  

A full list of projects being carried out under the programme is given in Table 1.  These projects mainly cover detailed examinations of how vehicle emissions are affected by factors such as driving style or engine temperature, but also include projects looking specifically at the sources of PM10 and oxides of nitrogen emissions from exhaust pipes.  A number of the associated projects looked at the environmental effects of certain common traffic management techniques that are in frequent use by local authorities. These techniques and others will be examined in the next section. 

Table 1: Contents of the TRAMAQ Programme and Associated Projects

Project Code
Project Title



UG211
Preparation of specification and overall review

UG212
Traffic management during high pollution episodes

UG213
Low emission driving styles

UG214
Vehicle operating profiles 

UG215
Emission measurements – review and project design for UG216

UG216
Emission measurements

UG216a
Assistance in supervision of UG216

UG217
Traffic Composition

UG218
Emission modelling and traffic management

UG219
Cold start emissions

UG250
Sources of particulate matter

UG294
Primary NO2 emissions

Associated Projects

UG56
Environmental effects – preliminary study

UG93
Environmental effects – main study

UG106
Safer City Project – Environmental Effects

UG113
European Scenarios on Transport, Energy, Environment for Metropolitan Areas ESTEEM

UG127
Traffic management schemes and vehicle emissions

UG128
Urban activity in 20mph zones

UG167
Traffic management and air quality research programme

The Department for Transport will launch a TRAMAQ web site later this year. The DfT website is at http://www.dft.gov.uk/index.htm .

Local Measures

A very broad range of potential measures to manage traffic emissions has been developed during recent years (see DETR, 2000b, DEFRA & WAG forthcoming).  These can be divided loosely into a number of different groupings according to the main principle behind how they work (see Table 2).   There are a wide variety of measures proposed or in use not all of which may actually reduce overall emissions from vehicles, and in many cases the effect may be very hard to quantify (such as High Occupancy Vehicle lanes).  Some may merely move the emissions to less sensitive areas (such as Park and Ride). Consequently, a measure or package of measures needs to be carefully analysed in order to confirm that the direct and indirect effects of the proposed measure are acceptable. 

Table 2: Available Traffic Management Measures for Implementation by Local Authorities

Vehicle Fleet
LEZ


Vehicle Emissions Testing

Access Restrictions
LEZ


Traffic Calming


Pedestrianised Areas


Congestion Charging


High Pollution Episodes

Traffic Control
UTC/UTMC


Traffic Calming


Parking Restrictions


Speed Limits

Reallocation of Road Space
High Occupancy Vehicle Lanes


Bus/Cycle Lanes


Pedestrianised Areas

Public Transport
Park and Ride


Bus Priority Lanes/Signalling


Bus Quality Partnerships


Enhanced Service Information

Planning
Home Zones


Clear Zones


Local Plans


LTPs

Other
Promotion/advertising


Green Travel Plans

Vehicle Fleet

The most direct way of reducing the impact of vehicle emissions is to control the local vehicle fleet.  One way to achieve this is through a Low Emission Zones (LEZ) where only vehicles meeting certain criteria can enter a designated zone such as a town centre or an AQMA. Whilst no LEZs have yet been introduced numerous local authorities have expressed interest in the concept especially in London. Currently the GLA and the Association of London Government is investigating the use of an LEZ as a way to improve air quality. The London Borough of Croydon ahs proposed an LEZ as its favoured strategy in its Air Quality Action Plan.  The National Society for Clean Air has been instrumental in stimulating research into the concept and its application. NSCA commissioned Transport and Travel Research (TTR) Ltd and UWE, Bristol to examine criteria for an LEZ, the findings of this work are summarised at http://www.nsca.org.uk/lezrep.htm.   In addition, TTR and UWE produced a Low Emission Zone calculation tool which is a simple spreadsheet model providing an initial emission assessment for a range of LEZ scenarios.  The tool assesses the change in exhaust emissions between a ‘before’ and ‘after’ scenario where vehicle characteristics have been changed and brings together a range of emission inventory data.  The model may be viewed at www.nsca.org.uk/lez.htm The use of this model is illustrated at http://www.nsca.org.uk/lezair.htm through a scenario designed to show the effect of modernising the vehicle stock in Bristol to an emissions standard higher than current ‘average vehicle’. For instance, if only Euro II vehicles are driven in the city (Scenario 1) table 3 shows the potential reduction in emissions of around 64% for NOx.  Euro II vehicles are those generally produced from 1996 onwards.   The model shows a marked reduction in pollutant because there are a large number of older vehicles on the road (manufactured before 1996).  If stricter standards (of Euro III) are applied to heavy-duty vehicles as shown in Scenario 2, the model predicts further benefits particularly for PM10 and NOx. 

Table 3: Reduction in pollution from higher emission standards, over current vehicle stock 

PRIVATE
Pollutants 

Scenario 1 
Scenario 2 
Extra reduction from Euro III HDV 


Cars and Vans <3.5tonnes 
Euro II 
Euro II 



Heavy duty vehicles 
Euro II 
Euro III 


CO 

75.9% 
76.8% 
0.9% 

HC 

77.7% 
79.9% 
2.2% 

NOx 

64% 
74.5% 
10.5% 

SOx 

4.5% 
9.2% 
4.7% 

PM10 

48.3% 
61.5% 
13.2% 

http://www.nsca.org.uk/lezair.htm
Within the UK discussions are currently underway regarding the establishment of national criteria for LEZs so that vehicle manufacturers and fleet operators find it easier to conform to regulations throughout the country. 

A 1999 study of strategies to comply with Air Quality objectives in London concluded that emission control strategies could be more effective than demand management strategies (WS Atkins, 1999). Table 4 identifies the predicted percentage reduction in emissions in respect to a 2005 ‘business as usual’ scenario for London (WS Atkins, 1999). From table 4 it can be seen that emission control strategies are judged to have a greater impact than demand management measures, such as workplace parking controls.

Table 4 Management and Emission Control strategies in respect to a 2005 Business as Usual scenario for London 

PRIVATE

Central London 

City-wide 



NOx 
PM10 
NOx 
PM10 

Demand management 
4% to 17% 
5% to 20% 
1% to 10% 
1% to 11% 

Emission controls 

Alternative fuels

Low Emission Zones
14% to 44% 

18% to 26% 
11% to 44% 

14% to 23% 
4% to 37% 

8% to 18% 
4% to 37% 

6% to 17% 

Combined emission reduction 
25 to 72% 
36% to 70% 
10% to 51% 
14% to 51% 

Source WS Atkins, 1999, see http://www.nsca.org.uk/lezair.htm and http://www.wsatkins.com/wsainternet/
Another study of the impact of LEZ (and traffic reduction) strategies has been carried out, with particular regard to the affect on annual NO2 concentration at roadside locations (Carslaw & Beevers, 2002).  The research compared scenarios which involved traffic reductions of 10% and 20% with vehicle emission reduction strategies.  The first of these involved removing all pre-Euro I vehicles (including cars and light good) and the second removed all pre-Euro III trucks and buses in addition to pre-Euro I cars.  In such scenarios the total vehicle numbers stayed the same, and replacement by cleaner models was assumed.  It was concluded that the most effective scenario was the one with higher vehicle emission standards (post Euro I cars and Euro III for trucks and buses.  However, none of the scenarios examined was sufficient to meet the 21ppb  / 40(g/m3 annual air quality objective. This suggests that a much wider LEZ is needed to combat the accumulative effect of background emissions.  When this is examined it appears that the removal of pre-Euro III vehicle is roughly equivalent to a 30% reduction in overall traffic.    The study notes that the same improvement brought about by the LEZ scenario would occur in time, because of cleaner vehicles are being bought to replace older ones.  It is calculated that similar air quality improvements might take place 5 years after the 2005 target of the Air Quality Strategy.  However, the annual objective for NO2 would still not be met in London.  From the study it can be concluded that LEZ scenarios could bring forward the impact on cleaner air by a number of years, and compares well to major traffic reduction strategies. A progressive LEZ policy could actually continue the accelerated take-up of cleaner vehicles ahead of otherwise predicted rates of renewal, to the benefit of air quality. 

Another means of attempting to clean up the local vehicle fleet is that of Emissions Testing.   This involves local authority officers testing exhaust pipe emissions of vehicles to ensure that they comply with statutory levels.  Under the Road Traffic (Vehicle Emissions) (Fixed Penalty) (England) Regulations 2001, local authorities in England now have the power to test vehicles at the roadside where a vehicle is or about to pass through, or has passed through, an air quality management area.  In those cases where the vehicle does not meet the required emissions standards a fine can be imposed unless evidence is provided within 14 days that the problem has been rectified.   Some local authorities have also set up temporary, voluntary testing sites in places like supermarket car parks so that members of the public can bring their cars to have them tested.

Access Restrictions

Another very direct way of managing vehicle emissions is through directly controlling those areas which vehicles can enter.  LEZs fall into this category and form a fairly selective access restriction.   Pedestrianised areas are a much more absolute form of restriction, simply banning vehicular access – either at all times under Section 249 of the Town and Country Planning Act 1990, or up to eight hours in any 24 under a Traffic Regulation Order (TRO) (although section 249 orders must be backed by a TRO to permit enforcement).  Access to certain areas or usage of roads can also be managed by road-user charging.  Under this scheme, enabled by the Transport Act 2000, local authorities can levy a tariff for vehicles driving in, or entering certain areas, or using certain roads: either at all times or just certain times of day (e.g. peak hours) (DfT, 1998).  Apart from the potential for reducing the total number of vehicles using certain roads or areas, and the reduction in pollution as a consequence of freer flowing traffic, the revenue raised from charging can be ring-fenced by the local authority for use in further schemes to improve transport.  Although this idea has been quite controversial, it is shortly to be initiated in Durham (commencing October 2002) and in central London (commencing February 2003). 

Reallocation of Road Space

Local authorities can use TROs to re-allocate road space away from use by any vehicle and dedicate whole sections of road or just single lanes to particular forms of transport.  The most common use of these is for the creation of bus lanes or cycle paths.  These can have a significant effect on the journey times involved, making these forms of transport more attractive.  There is a danger, however, that through reducing road space, the carrying capacity for 'ordinary' vehicles is reduced to such an extent that congestion and pollution may increase.  Another possible way of increasing the usage of these extra lanes is to allow their use by High Occupancy Vehicles (HOVs – e.g. vehicles with more than one passenger).  Particularly during peak, commuting periods this can encourage car sharing and thus reduce the total amount of traffic on the road network – even at points beyond the existence of the HOV lane.  Pedestrianised areas, as discussed earlier, are effectively another form of reallocation.

Reallocation of road space does not just have to be carried out with respect to moving vehicles.  Under the Road Traffic Reduction Act, local authorities gained considerable powers over determining where motorists can park and how much they will be charged for doing so.  Two particular instances where this is useful is with regard to the establishment of residents only parking spaces in areas close to city centres, thereby encouraging commuters to switch to other forms of transport; and where city centre parking costs can be set at levels that encourage the use of Park and Ride schemes.  Another advantage of these powers is that they enable local authorities to take over the enforcement of parking restrictions from the police/traffic wardens.  This allows them to keep hold of the revenue from both parking charges and from tickets.  In turn, this enables the employment of more wardens and consequently much better enforcement.

Additional powers were also granted under the Transport Act 2000 which allow local authorities to charge a levy on non-residential, or workplace, parking.  This would be charged to the owners or occupiers of business premises in order to encourage them to develop green transport plans so that staff were not reliant on using cars to get to work, and to reduce reliance on cars in day-to-day work routine.  Again revenue from this can be ring-fenced for further transport improvements.

Traffic Control

Traffic control refers in general to any measure designed to alter the flow of traffic in some way.  These can vary from very simple schemes such as speed humps, to complex computer assisted schemes that use traffic lights to vary traffic flow depending on levels of air pollution.  The two most basic forms of traffic control are road humps, and horizontal deflections or chicanes.  These have been widely used by traffic planners in residential areas primarily to slow traffic down for safety purposes.  They also have a useful secondary effect of discouraging through traffic from using these streets as short cuts.  In these cases total emissions may not be cut, as traffic will drive further to go round these areas.  Also, there is the danger that the use of erratic stop/start driving styles may also lead to higher emissions.  Chicanes can also act as gateways to small bypassed towns/villages or urban centres to deter through traffic from using whole areas.  In these cases if queues were to build up emissions may again rise.  Local authorities also now have the power to set speed limits under the RTRA.  One common use of these powers is the setting of 20mph restrictions outside schools for safety reasons.  These may not have any beneficial effect on emissions levels and may actually increase levels of some pollutants.  It is more likely that reducing maximum speeds on roads outside urban areas would be more beneficial by improving flow and capacity  QUOTE "(DETR & National Assembly for Wales, 2000b)" 
(DETR & National Assembly for Wales, 2000b)
.  

More sophisticated measures to control traffic flow using traffic-light programming are generally referred to as Urban Traffic Control or Urban Traffic Management and Control systems (UTC/UTMC).  These can involve at a basic level the simple programming of lights so that, for example, more time is given for pedestrians to cross the road or so that a balance is struck between continuous flow on major roads and the building up of queues in side streets.  However, much more complex methods are becoming available.  One popular scheme is known as SCOOT (Split Cycle and Offset Optimisation Technique).  This system can detect changing traffic flow conditions and measure queue lengths and waiting times.  It then uses these to co-ordinate a number of traffic lights across an urban area allowing congestion to be minimised.  Even more sophisticated systems are now being used in Leeds where air pollution monitors will be connected to the system.

Another form of traffic control is that of applying restrictions to vehicle movements during episodes of high pollution.  This has already been used for a number of years in some European cities, including Paris and Rome. It was considered as a possible measure in one of the first of the government's TRAMAQ projects, UG212 - Traffic Management During High Pollution Episodes.  The findings of the project were that whilst both enforced and voluntary measures were shown to be reasonably effective in reducing peak concentrations of pollutants once an episode had commenced, all current operational systems were triggered by monitoring data.  Until such time that an extremely reliable forecasting/ warning system has been developed, uncertainty in the accuracy of forecasts were generally going to outweigh the practical and economic costs of the quite draconian access measures needed to prevent episodes before they begin  QUOTE "(Traffic and Travel Research Ltd, 2001)" 
(Transport and Travel Research Ltd, 2001)
.

Public Transport

Management of vehicle emissions in urban areas through public transport measures, more often than not, relies on buses, except in those areas where Light Rapid Transit or tram schemes are being undertaken such as those in Sheffield, Manchester and Croydon, or underground systems are already in place such as Liverpool and Glasgow.  One of the most popular schemes in recent years has been Park and Ride.  Although, this has been around since the early 1970s when it was introduced in Oxford, many local authorities around the country are now developing schemes.  There is a danger with Park and Ride that, unless it is introduced as part of an integrated transport policy with complementary measures such as access restrictions in the urban centre, it may not actually reduce overall emissions.  This is for a number of reasons.  Firstly, schemes might encourage people to drive further to get to a Park and Ride site than they might to get to a city centre parking space, battling through peak time congestion (although in this case emissions in the urban centre would be reduced). Secondly, services running with low occupancy rates during the non-peak times may increase emissions of particles within the central area  QUOTE "(DETR & National Assembly for Wales, 2000b)" 
(DETR & National Assembly for Wales, 2000b)
.

A number of the schemes already described can be used to enhance and improve the quality of bus services.  The introduction of a bus lane is one simple way in which bus services can be speeded up and improved.  Another method currently being trialled in a number of UK towns and cities, including London and Norwich, is known as Selective Vehicle Detection.  SVD is operated as part of a UTC scheme and allows traffic lights to detect approaching buses and to give them priority at junctions. 

Speed and reliability of bus services are two aspects of the service that are likely to attract more users to buses.  There are initiatives to improve timetabling and information such as the Passenger Transport Information System (PTIS) where real-time information on buses is provided at bus stops so that it is clear how long the wait until the next bus arrives is.  The general quality of bus stops can be improved, along with the provision of interchange facilities, buses themselves can be improved with cleaner engines and features such as Super Low Floors (SLFs) to make them more accessible for people with disabilities or children. To enable the wide range of improvement measures to be implemented efficiently, the government has introduced the concept of Quality Bus Partnerships within the Transport Act 2000.  Under these partnerships bus companies undertake to improve services and modernise buses and in return local authorities can agree to make investments in infrastructure, such as SVD or bus-lanes.

Planning

The role of Transport planning, especially LTPs, has already been discussed but there are a number of other areas where more conventional planning can help reduce the impact of transport emissions.  Within local structure and development plans there should be the scope for mixed –use developments where it might be feasible for workers to live close to potential employment locations so that the need for commuting is diminished.  The introduction of Home Zones is growing, residential areas which are laid out so that car users have lower priority than other people in the street, allowing areas where children can play in the street and vehicles are not allowed to move much faster than walking pace. In parallel with the emergence of a new air pollution policy framework in the early 1990s was the resurgence of planning policy guidance to reflect emerging UK local planning policy and regional planning policy. Air quality began to be recognised and identified as a material planning consideration in government planning policy guidance  QUOTE "(Beattie et al., 2001b)" 
(Beattie et al., 2001b)
 on town centres and retail developments, transport and planning and pollution control  QUOTE "(Department of the Environment, 1994; Department of the Environment, 1996; DETR, 2001a)" 
(Department of the Environment, 1994; Department of the Environment, 1996; DETR, 2001a)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00/d:\5Cresearch assistants folder\5Cphd\5Cphdreferences\03\00\03371*Department of the Environment 2001 371 /id\00*\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00/d:\5Cresearch assistants folder\5Cphd\5Cphdreferences\03\00\03153*Department of the Environment 1994 153 /id\00*\00 

, and a more regional focus to air quality emerged with the development of regional planning guidance  QUOTE "(DETR, 2001b)" 
(DETR, 2001b)
.

Other Methods

Outside of the above methods of managing traffic emissions, all of which tend to rely on infrastructure and hardware, there are numerous possibilities for ‘softer’ methods of reducing the air quality impact of transport.  At the most structured end of the scale are Green Transport Plans, where businesses assess the impacts of their transport requirements and attempt to minimise them.  Often pressure can be put on firms or institutions to develop detailed GTPs by making them a requirement of the granting of further planning permission.  Major employers, using the leverage of a large workforce, can often forge beneficial partnerships with local transport providers to encourage their employees to travel to work by means other than the car.

There are other ways to encourage people to try to use methods other than the car.  Under the 1999 Health Act, Health Authorities have a statutory responsibility to develop a Health Improvement Programme (HIP).  As part of these, the encouragement of walking rather than using a car for short trips can play a key role.  By leaving a car at home, three distinct health benefits can be gained: Firstly, the exercise from walking; secondly the direct reduction in pollution due to the high level of emissions involved in cold starts and use of vehicles for short journeys; and finally the reduction in exposure to pollution due to the higher concentration of pollutants found inside cars above that on the pavements.  Likewise, cycling to work or the shops can become a key part in someone’s fitness regime.  There have also been advertising campaigns run purely to promote the image of walking and cycling such as that developed by the City of York Council ran some campaigns promoting shoes as “THE zero-emission vehicle” and portraying cycling as “sexy”               (www.york.gov.uk/environment/transport/walking.html)  

Discussion and Conclusions 

From the examination of the issues causing exceedances of the air quality objectives, as well as some of the solutions that these air quality hot spots will require, it is clear that both transport and air quality policy systems need to integrate at both a local and national level. Achieving integration and coherence in policy formulation and implementation will be a significant challenge particularly in sequencing LTP policy development and implementation with that of the LAQM process. Joining up policy processes can not guarantee good outcomes but it can help.  In relation to the types of AQMA outlined earlier in this paper it is apparent that each will require a different form of management of the emissions that causes each particular problem.  It is also clear from examination of the transport plan solutions on offer that for each localised problem a unique package of measures will be required.  There are likely to be few situations in which just one or two measures will solve the local air quality problem.

For the large urban (often-complex) AQMA, a whole raft of measures is likely to be required.  In many cases, fairly radical solutions such as Low Emission Zones will be needed in order to achieve any significant improvements in air pollution concentrations.  A Low Emission Zone will also need complementary measures to provide alternative transport options to driving into the urban area.  These alternatives are likely to be in the form of public transport systems (such as improved bus services or the implementation of a light rapid transit system).  Concurrently, promotional campaigns to educate the public about transport choice and the implications of health and the environment will be needed in order to support modal shift in the travelling public.

In a motorway location effective mitigating measures will depend on the proportions of local traffic using the motorway.  Where proportions of local traffic are small, traffic control measures such as speed limits are likely to be one of the few options available.  In trying to effect a modal shift from car to rail or bus for long distance journeys (or lorry to rail for freight) national policy will be required in the main to ensure that rail is an economic and efficient alternative to road travel.  There will be little the local authority can do in their local area.  Where proportions of local traffic are higher, there may be local actions that can effect a modal shift for shorter journeys, or traffic management measures (such as restricting junctions) which will change journey patterns, but may simply move the problem elsewhere.

In a localised area of exceedance such as a canyon like street, traffic control, in partnership with improvements to public transport may make a large enough change in vehicle use to improve the situation.  Options such as parking restrictions and traffic calming may persuade people to use modes of transport other than private vehicles. In conjunction with improvements in public transport and promotional campaigns both relating to public transport services and links between health and travel mode, the modal shift may be greater.

In the case of a small AQMA such as may be found around a single road junction, traffic control systems are likely to be the most effective measure.  Traffic lights can be optimised (through UTMC) to smooth driving cycles.  The physical lay out of the junction could also be optimised to smooth driving speeds in particular.  These sorts of measures could be implemented in conjunction with wider campaigns and measures to effect a modal shift away from private vehicle use achieving larger improvements in air quality.

One of the barriars to effective management of vehicle emissions is that the timescales of the air quality management process and the processes of transport and land use planning are very different.  The air quality management process works to shorter timescales  and is largely looking to improvements prior to 2005 (target date for nitrogen dioxide objectives) or 2004 (target date for PM10 objectives).  The transport planning process works on much longer time scales, with 5 year cycles for funding and some schemes such as Light Rapid Transit systems taking much longer to design and implement.  The time scales that land use planning processes work on are even longer.  Local Plans generally cover a time period of 10 – 20 years, and large-scale developments can take several years to implement. 

The complex and dynamic interrelationship between transport and air quality will continue to provide significant challenges for the policy processes seeking to improve air quality and reduce public exposure of potentially harmful concentrations of air pollutants. It will also provide many opportunities for collaborative research and the authors of this paper would welcome contact with colleagues who are interested in pursuing collaborative studies designed to identify and test measures for air quality improvement in urban environments. 
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� The Air Quality Regulations 2000 set out objectives for 7 pollutants under local authority control.  The Regulations are set by England and each of the Devolved Administrations.  In 2002, further regulations for four of the pollutants have been proposed (classed as ‘Amendment’ regulations).  At the time of writing, these have now been adopted in Scotland, but not in England and Wales.  For the purpose of this paper all current regulations will be known as ‘The Regulations’.


� PPG13 Planning and Pollution Control is currently being revised with a consultation draft released in July 2002.





14
17

