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Annex 7 - Air Quality 

Particulate Matter case study


This case study is based on a review of the key documents and on interviews with:

Policy customers for the Air Quality research programme:

Dr Martin Williams

Head of Defra Air and Environment Quality Division

Dr Michael Harryman
Head Branch, Air Quality Strategy

Air Quality Research Programme Manager:

Mr John Rea

Head of AEQD Science Policy Unit and Deputy Head of Division

Research managers for particulate matter elements of Air Quality research programme:

Dr Samantha Baker


Key review group Chairman:

Professor Mike Pilling, University of Leeds 

Independent PM scientist:

Professor Roy Harrison, University of Birmingham

1
The issue of particulate air quality

1.
This case study will examine the evidence base for policy on particulate matter (PM), which is a major element of the Air and Environment Quality Division (AEQD) research programme, including how the research needs are determined, how this work is commissioned, and the subsequent dissemination of the science.

2.
The UK Air Quality Strategy provides a framework for the management of air pollution levels in the UK.  It covers all the major pollutants which have a significant effect on human health and the environment.  The Strategy sets objectives for each pollutant, including target levels for ambient concentration and the timetable for achieving these. 

3.
As part of the review of the UK Air Quality Strategy, AEQD has examined the progress made for each of the air pollutants covered.  AEQD has considered whether or not the actual objectives of the Strategy require revision, and what steps would need to be taken to meet the proposed revised objectives.  The possible implications of these steps have also been considered.  The conclusions of the review and the proposals for revision have been presented to Defra Ministers. Consultation on a revised strategy is now complete and Defra hopes to launch the conclusions of the review in Spring 2007.

4.
The focus of this case study is the development of the evidence base used for reviewing and revising the air quality objectives for air-borne particles, one of the most significant air pollutants.

2
Historical development

5.
Air quality has long been recognised as an important factor in human health.  Since the smogs of the 1950s, and the associated increase in mortality in UK cities, a series of legislative instruments have been aimed at improving air quality by managing air pollution.  These instruments have been largely successful in controlling smoke and the main gaseous pollutants arising from the use of fossil fuels in power stations, factories, and homes.  Levels of both sulphur dioxide (SO2) and nitrogen dioxide (NO2) have fallen as a result in cities and other urban areas.  Levels of smoke, which is a mixture of ash and unburned fuel particles, have also decreased.

6.
A further set of measures, largely stemming from European legislation aimed at harmonising product standards, has reduced pollution from road transport.  The nature of the pollutants produced by motorised vehicles depends on the engine technology used.  In the case of petrol engines, the regulated emissions include carbon monoxide (CO), unburned hydrocarbon gases (HCs), and nitrogen oxides (NOx).  In addition to these emissions, diesel engines also emit finely divided granular material known as particulate matter (PM).  PM is chemically complex; it consists of the charred remains of fuel droplets coated with trace quantities of hydrocarbon materials, many of which are considered toxic. 

7.
Further primary pollutant sources of PM include the combustion of fossil fuels in power stations and refineries.  Other industrial activities produce dust, which constitutes a major part of the non-transport burden of PM.  There is also the indirect effect of air pollutants: SO2, NOx and ammonia combine in the atmosphere to produce secondary pollutants, such as ammonium sulphate, which form fine particles.  These are known as secondary particulates.  The atmosphere’s PM burden also includes mineral dust (generated by both natural processes and from human activity such as construction), and various other materials (such as particulates originating from tyre wear). 

8.
In the past, the high levels of air pollution in towns and cities certainly caused a wide range of chronic health problems as well as the acute problems seen during episodes of high pollution levels.  In recent years, understanding of the effects of different air pollutants has improved, and studies of the health impacts of air pollutants have shown that the most serious of these arise from PM.  Epidemiological studies show a linear relationship between levels of PM and the incidence of a wide range of health problems, including diseases of the respiratory system and cardiovascular disease.  There is some evidence that the most serious impacts arise from the very fine PM found in diesel exhaust, although the WHO has concluded that it is prudent to assume that all particles in a given size range are equally toxic.  The most recent studies, carried out on a Europe-wide scale, have shown that reducing PM brings health benefits even where ambient levels are already below target levels since latest guidance from WHO indicates that there is no threshold for PM below which no harmful effects occur.

9.
The UK Air Quality Strategy acknowledges the importance of controlling PM, and sets out what it believes are stringent but attainable air quality objectives for this pollutant.  It is also recognised that the main source of PM in urban areas is now road transport, particularly diesel powered vehicles.  However, diesel engines have relatively high fuel economy.  HGVs in the UK run exclusively on diesel, and the UK’s medium and light duty fleets are almost entirely diesel powered.  The penetration of diesel cars into the private car market has been unexpectedly high.  This has created tension between the Government’s aim to protect people from the effects of air pollution and the market appreciation of diesel’s fuel performance.  There is also a tension between objectives for air quality and for the reduction of greenhouse gas emissions. 

10.
Defra has recently completed its review of the Air Quality Strategy.  As part of this it has taken a fresh look at means of achieving the prime policy objective for particulate pollution, which is to protect human health.  AEQD considers that it will be difficult to achieve the current objectives.  This case study focuses on the development of the evidence base for the review, and on the way the work has been used to support the development of new policy options.

Policy framework

11.
PM emissions and ambient concentrations are subject to both international and national legislation. 

12.
At the EU level, there are four main Directives which have a direct bearing on PM levels and emissions:

· The 1st Air Quality Daughter Directive (directives that follow the Air Framework Directive) sets limit values for ambient levels of PM

· Vehicle emission regulations introduced following an EU review

· The Large Combustion Plant Directive applies limits to dust emissions from power stations, refineries and large industrial boilers

· The Integrated Pollution Prevention and Control (IPPC) Directive requires the national pollution regulators to apply licences to polluting industrial plants, which may include limits on PM emissions

13.
In addition to these, other EU measures will have an indirect bearing on PM control:

· The National Emission Ceilings Directive will affect PM by controlling the emissions levels of the precursors to secondary particulates

· The new EU Thematic Strategy for Air Quality sets objectives for ambient PM levels, with a greater level of stringency 

14.
The national legislation contains several measures for controlling PM.  Part IV of the 1995 Environment Act mandates the UK Government to produce a National Air Quality Strategy.  The first version of this Strategy, published in 1997, included objectives for PM control.  These were subsequently revised in 2000 and 2003.  The consultation documents for the current review were published in April 2006, and the review is expected to be finalised by Spring 2007.

15.
One of the key elements for delivering the Air Quality Strategy and the EU’s limit values is the process known as Local Air Quality Management (LAQM).  LAQM requires all local authorities (LAs) in England to carry out regular air quality reviews and evaluate their success in complying with the Strategy’s objectives.  Where it is clear that the objectives will not be met with the measures currently envisaged, the LA must declare an Air Quality Management Area, and an action plan should be prepared to identify the extra measures required to further progress towards the objectives.   

16.
Part 1 of the Environmental Protection Act of 1990 provides mechanisms for the control of industrial air pollution, including Local Air Pollution Control (LAPC) for small industrial plants and the Integrated Pollution Control (IPC) regime for large industry.  These two mechanisms are to be replaced by a new regime, Integrated Pollution Prevention and Control (IPPC), in England and Wales.  Arrangements for Scotland and Northern Ireland have yet to be agreed. 

3
The Defra Air Quality Research Programme

17.
The Defra Air Quality (AQ) Research Programme supports development of the AQ policy and the measures that will implement it.  It covers two broad areas:

· Research projects on air pollution emissions, environmental processes and effects, largely original work conforming to the EU Frascati definitions

· Non-Frascati work, mainly routine networks for monitoring air pollution

In the ROAME statement, these two broad research areas each have five sub-programmes focusing on major policy issues:

· Strategic policy analysis: research in this sub-programme generates cross-cutting science, for example it provides the national inventory of air pollution emissions and the work used to improve the air pollution forecasting system

· Acidification and Eutrophication: work in support of policies to protect the natural environment against the impacts of SO2 and NOx emissions.  This sub-programme provides input to UK negotiations on agreements to manage transboundary air pollution 

· Photochemical pollution: this includes work on ozone and other photochemical pollutants, and also has a transboundary pollution focus

· Toxic Air Pollution: research on the emissions of toxic organic compounds and heavy metals, and the pathways by which they move through the atmosphere and eventually enter the human body

· Ambient Air: work to support the development of strategies to protect human health against the effects of air pollution

The research on PM was included under the Ambient Air sub-programme.

The Evidence and Innovation Strategy has a new arrangement of sub-programmes, to reflect the different areas in which evidence is needed for policy development:

· Quantifying the exposure of human populations and/or ecosystems to pollutants through measurement and modelling

· Assessing the relative importance to these exposures from sources sectors both in the UK and elsewhere

· Assessing the impact of air pollution

· Assessing policy options and their delivery

· Effective strategies and communication to positively impact on behaviour in order to improve air quality

The E&IS scheme is considered by AEQD to provide a better framework for categorising the different components of the Division’s PM research.

18.
Defra is very conscious of the wide international effort in the field of PM research, which has grown considerably following the discovery of PM’s human health impacts.  There are active international programmes at UNECE, EU and member state levels, with the United States leading the world as regards understanding the medical impacts of PM.  Accordingly, Defra’s AQ research programme has been established to enable it to work within the wider PM research community.  Defra is also aware that the volume of work is considerable, and continual review is needed to modify Defra’s understanding of an issue in the light of research findings.  Given these factors, and the need to bring together the OGDs, Defra has formed a number of advisory bodies to provide support.  The key Defra advisory bodies for PM research are:

· The Air Quality Expert Group (AQEG) - the terms of reference for this group include advising Defra on the current sources, levels and trends of air pollutants, and on the fitness for purpose of models used for predicting future levels.  It also advises on the research requirements for the development of PM policy; the second AQEG report is on PM air pollution.  AQEG is the latest in a series of expert groups that have advised Defra on air quality, including the Quality of Urban Air Review Group (QUARG) and the Air Pollution Expert Group (APEG) 

· The Expert Panel on Air Quality Standards formed after a commitment was made in the 1990 Environmental White Paper This Common Inheritance to provide independent advice to Defra on the appropriate standards to set for air pollutants.  It has reported a number of times on PM

19.
Defra also receives advice from the Department of Health Committee on Medical Aspects of Air Pollutants (COMEAP).  The principal role of COMEAP is to advise the Government’s Chief Medical Advisor on the impacts of air pollutants on human health. 

20.
The main policy requirement for PM is to have in place measures to manage PM in the atmosphere to ensure that human health is protected.  This in turn has created a set of specific policy requirements and AEQD has responded to each of them as follows.
Quantifying exposure: understanding current levels of PM in the UK 

21.
Defra has established a series of monitoring networks to determine UK air pollutant levels, including instruments for monitoring PM.  The PM monitoring network covers major urban areas, and provides information on the impacts of major PM sources, such as traffic and industry.  Some rural sites are included in the network to provide information on background PM levels and rural sources of PM.  In a recent development, the Department has funded the establishment of a “supersite” in the European Monitoring and Evaluation Programme (EMEP) at Auchencorth Moss.

22.
One of AQEG’s major roles is to advise on monitoring strategy and its second report
, which is on PM, contains an analysis of the coverage and techniques of the current network and recommendations for developing it.  AEQD has also commissioned studies to support the review.  Work reported in
 considers the number and position of sites in the network2.  The monitoring technologies are considered in
,
,
,
,
,
,
.  The work included a study of the relative effectiveness of different monitoring techniques.  This has been important in establishing the equivalence between the monitoring methods used in the UK and the methods prescribed in the EU air quality directives.

23.
AQEG has advised Defra to increase the network density and there is continual pressure from the scientific community for better geographic resolution in the data.  However, AQEG told us that the sites are costly to maintain and that it has to balance the request for more sites against the need to assess data from existing sites and against other demands on the AEQD science budget.  AEQD says that is continually searching for the optimum level of coverage, and ways to reduce equipment and site infrastructure costs. 

24.
In common with other major air pollutants, PM levels have been found to vary widely according to the weather, season, and activity of PM sources.  The monitoring networks were originally established in response to concerns about episodes of high air pollution levels and it is still such episodes that are considered to be the most harmful to human health.  However, the non-threshold nature of PM means that the general overall level of PM is also significant.  Managing health impacts of PM therefore requires a good general knowledge of the pollution climate and this is a major part of the AQS.  PM is also known to come from a wide range of different sources, including natural sources.  Defra’s policy on PM has been to address two major questions about current levels:

· How are current levels of PM impacted by climate and source activity?

· Which sources, some of them natural, are responsible for the observed levels of PM?

A major part of the AEQD research strategy is therefore to study the mechanism behind episodes and to analyse specific ones 1,
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25.
AEQD has also commissioned a body of work on natural sources of PM and this has been considered in synthesis reports, including the AQEG second report 1,
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.  Some of this work, notably25,26 is carried out as part of larger collaborations across Europe where common features of PM in different regions can be considered.  This supports the development of measures to reduce PM on a European level.

Source attribution: understanding the composition of PM

26.
The term ‘particulate matter’ covers a very wide range of materials with different chemical and physical properties.  In particular, PM varies in size from particles that are tens of microns in diameter to those that have characteristic dimensions in the sub-micron range.  The monitoring network focuses on the fraction below 10 microns (PM10).  Recently there has been increasing concern about the finer fraction of PM10 and work has started on monitoring the sub 2.5 micron fraction (PM2.5).  This is of considerable importance because most of the emissions from traffic are sub 2.5 micron whereas the larger size fraction is believed to contain significant amounts of dust from soil and other natural or semi-natural sources (semi-natural because some dust from soil is emitted by human activity, such as agriculture or construction).  The chemical composition is of concern because some particles, again those from traffic (especially diesel engines) are suspected to be more active chemically as they contain known carcinogens, including Polycyclic Aromatic Hydrocarbons (PAHs).

27.
Understanding the composition of PM is thus a major part of AEQD’s strategy, both for determining sources of PM and for studying the effect of PM on health1,17,19,14,20,22,23,16.       

Understanding current sources of PM 

28.
In order to develop effective measures to reduce PM levels, Defra has to identify the sources responsible for PM emissions and how these contribute to the levels measured by the network.  Defra collects data on sources and emissions of air pollutants and these are published on the Defra website as the National Atmospheric Emissions Inventory.  It has relied heavily on AQEG and its predecessor bodies to advise on the interpretation of the data1,
,
 and has commissioned reports on specific sources
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.  Much of the data in the air pollution inventory is calculated by combining activity data (number of miles travelled by road traffic, for example) with a unit emission per unit of activity, known as an emission factor.  However, these emission factors are a major source of uncertainty in calculating inventory figures and as part of its strategy for understanding sources AEQD has invested in work to quantify emission factors from particular sources1,29,30.   
Assessing impacts: setting objectives for PM levels 

29.
Air pollutants fall into two categories as regards whether or not policymakers are able to set a threshold level for emissions.  For most air pollutants, there is a threshold level below which health effects are not apparent and it has been possible to set air quality standards at an attainable level with a feasible timetable.  However, for some pollutants, notably carcinogens such as benzene, there is no safe level.  In these cases, the Expert Panel on Air Quality Standards has decided that the exposure to the pollutant in question from all routes into the body should be reduced as far as possible, and that the levels in the air should not make a significant additional burden.  The first question for health experts is therefore whether PM falls into the first or the second category and whether, therefore, there is some level of PM below which health effects do not generally occur.  The answer has come partly from the work COMEAP has done to review the international literature on the topic and partly from the reviews made by EPAQS.  In both cases the review and the advice that emerged has depended heavily on the international research effort on the subject, in which the UK is a significant participant.  Defra has therefore focussed its own research on areas that are specific to the UK, understanding the potential health impacts of specific pollutant levels or episodes, for example, or on key issues relating to the composition of UK particles
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Assessing policy options: measures to manage PM 

30.
In setting out its policy option for managing PM levels, Defra has to understand the impacts that measures taken on specific sources of PM will have on PM levels.  It does this by calculating the impacts of different measures on sources and modelling the effects of these changes on the ambient levels of PM.  AEQD has invested heavily in models of air pollution and continues to be active in this area.  There are several UK air quality models, developed for air pollution forecasting or for assessing the impacts of individual sources as part of pollution emissions permitting, and these provide Defra with modelling infrastructure for assessments.  Defra has also received advice on the topic from expert groups, most recently from AQEG1 and has commissioned a wide range of studies of its own to improve its understanding of future levels of PM and the response of these to policy interventions of different kinds
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31.
It is notable that much of this work is done to assess compliance with the AQ Strategy or with the requirements of the EU for assessment of future air quality.  The work includes development of Integrated Assessment Models (IAMs) as a means of incorporating economic considerations of costs of measures and the benefits they will provide into the assessment of future policy options. 

32.
As part of the review of the AQS, a major report on the associated costs and benefits was prepared by the Interdepartmental Group on Costs and Benefits (IGCB)
.  This major study considers a wide range of possible measures to reduce air pollution, including PM.  The benefits from each are estimated in term of health and other effects and the costs in terms of technology investment costs and costs associated with operations.  The results are presented in the form of an RAG assessment (Red, Amber, Green) to distinguish between those that have a net cost, those where the costs and benefits are evenly balanced, taking account of uncertainties, and more analysis may be needed and those for which the benefits clearly outweigh the costs.  

4.
Management practices

The following paragraphs describe how Defra manages its Air Quality research programme, using the ten OST Science Review criteria as a framework. 

Criterion 1: …has developed a clear, overall science strategy

33.
Source documents for this criterion include:

· E&IS: describes the evidence needed for the development of policy 

· ROAME statement: provides the specific rationale for the Air and Environment Quality programme as a whole

· Expert group reports: make recommendations for research on PM

34.
AEQD officials are very clear about their approach to the PM part of the Air Quality Strategy.  This is seen as a complex area of work requiring the reconciliation of strongly divergent views from different parts of Government, and the management of many external interests, such as from various industries.  It has been necessary, given the wide range of evidence needed and the very different sources from which it comes, to be clear about the scope of the Defra research programme in this area. 

35.
AEQD recognises that there are many components to the evidence needed in policy making on PM, including the scientific understanding of the link between sources and human exposure, medical effects, economic impacts of managing PM sources and issues of environmental equality.  Defra’s evidence strategy for PM has been developed from the Department’s strategy for managing ambient PM levels.  This requires Defra to have a good understanding of the problem posed by PM, information on current levels and the effects these are having, ways of predicting future levels and methods for assessing the potential of regulatory and other measures to reduce levels.

36.
Crucially, the management of air pollution in general, and PM pollution in particular, depends on close co-operation between the Departments of State.  Defra takes the lead but is dependent on inputs from other Government Departments including:

· Department of Health- effects of PM on human health and the benefits of reducing PM levels

· Department of Transport- measures to reduce the PM emissions of road transport and provision of traffic projections

· Department of Trade and Industry- measures to control PM pollution from industry and provision of energy projections

37.
Within Defra itself there are inputs to the strategy from DG Natural Resources and Rural Affairs and DG Sustainable Farming and Food through the impacts of agriculture and land use to PM levels.

38.
The most recent Roame statement, produced in May 2004 gives the broad outline of the evidence needs for the Air Quality Strategy.  The part of the statement that is relevant for this case study is section 5, Ambient Air:

“This sub-programme area addresses the direct risks to human health from ambient air, focusing largely on sources and exposure in built-up areas.  It encompasses the large measurement and monitoring activities which address compliance with EC Directives and underpin the Air Quality Strategy.  A further objective of the science in this area is to provide the basic data with which to quantify the distribution of pollutants over the UK in order to estimate health effects, and other outcomes for use in the reviews and updates of the Air Quality Strategy, negotiations in the international arena, and in broader cost-benefit work.  Similarly some work is funded on the health effects themselves, in close collaboration with Department for Health.  The objective of the work is to identify the harmful components of urban air, especially with respect to particles, to inform the development of effective control policies.  The overall objectives of the Ambient Air sub-programme are as follows:

· To measure compliance with EC Directive limit values and AQS standards and objectives

· To quantify the source contributions to ambient levels of urban air pollutants and to assess the effectiveness of abatement strategies

· To assess, in conjunction with DH and other organisations, the harmful effects and components of particulate air pollution

· To assess exposures of populations to air pollutants”

39.
The Roame statement sets out the general aims of the AEQD research programme for ambient air.  It is clear in defining the scope of the work to be undertaken, focussing on the monitoring and assessment parts of the evidence base and making the link to the work of other Departments.

40.
In the 2006 Evidence and Innovation Strategy, the section for the strategic outcome “improved air quality” describes evidence needs.  It is clear that the need to understand current levels, and to assess the potential of different management options, are the predominant features. 

41.
For many of the pollutants covered by the AQS, Defra is the major contributor to the evidence base, but because the issue of PM is so complex, Defra has established its science strategy for PM in the context of work within the wider PM research community.  This means that it has been able to focus on the immediate requirements to produce evidence for policy making.  It also means that it has had to find ways of integrating the information from the different sources into the policy process.  The expert groups play a major part in this.  The AQEG PM report contains 17 recommendations on action that Defra should take to improve understanding of PM, and 9 specific research recommendations.

42.
Many of the AQEG recommendations are for improved monitoring of PM.  One particular problem AEQD faces in developing a coherent research strategy has been the high cost of monitoring.  Until recently, this was taken from the research budget, and demands for further development of monitoring systems put the research component, which included the assessment of data from monitoring, under considerable pressure.  Monitoring has now been made part of a separate budgetary provision, and it was hoped that this would make it easier to balance demands but there is as yet no sign that this is the case.  

43.
AEQD Officials are aware that the evidence needs for policy are not confined to physical/natural scientific parameters, and consider economics and other social sciences to be important components.  The Air Quality Strategy has been subject to a number of internal economic assessments for cost effectiveness, and the cost of PM control measures has put Defra under considerable pressure from OGDs, notably the DTI.  The difficulty of providing quantified benefits in assessments (in terms of the monetary value of lives extended) is recognised, but Defra believe that there is now an emerging consensus on this aspect of the cost benefit analysis between Departments.

44.
Within the process for the current review of the AQ Strategy, Regulatory Impacts Assessments have been carried out, supported by work commissioned from ENTEC (an environmental consultancy).  These have underpinned the justification for proposing additional measures, building on the work of the IGCB.

45.
Defra officials feel the need to widen the boundary around their research to include human factors, particularly in assigning priorities within AQ Strategies and in assessing potential for behavioural change and the factors that drive it.  They have made a start on this by commissioning a Citizens Jury to consider the future priorities for air pollution management.  AEQD Officials recognise, however, that there is a long way to go and they feel uncertain about how to achieve a more balanced approach to evidence.  They are receptive to ideas and are determined to build up this area of their work.  

46.
The distinction between objective facts and the political judgements that go into the process of policy development is recognised, and AEQD is sensitive to the charge that it may have used its research programme to support existing policy rather that as a basis for the design of new policy.  This charge was made by the DTI during the early stages of the work on PM, as officials had difficulty accepting the epidemiological evidence on the health effects of PM.  AEQD officials believe that the work of the different expert groups is a safeguard against bias of this kind, together with the culture of being more stringent on evidence when health effects of environmental pollution are involved.  

47.
External experts believe that AEQD has been able to develop and communicate a coherent strategy for producing the evidence needed for policy development on PM.  It is recognised by the AQEG Chairman that the Defra strategy on PM science has to be narrowly focussed on matters that are of immediate concern and that there is currently neither the research funding nor the staff resources within Defra or OGDs to develop or implement a more comprehensive strategy for improving knowledge of PM and its effects.  External experts believe that there is considerable unexplored scope for a PM research strategy to be developed in partnership with the research councils and in particular with NERC.  However, within the current limitations, the monitoring strategy and the strategy for assessing the impacts of policy interventions on future PM are considered to have been particularly well developed and to have been well implemented. 

48.
There is some concern about the health impacts part of the strategy, although it is recognised that Defra is in the hands of DOH in this area.  The epidemiological work is considered solid.  One of the AQ monitoring networks, for black smoke, has been redesigned to provide information to support further epidemiological work.  However, experts believe that there would be considerable value in knowing more about the mechanisms by which PM does harm.  However, this is a very complex matter, and it will take some time and considerable investment in research to come to grips with it.  There are programmes on a European scale addressing the matter, and the UK is involved in these.  Defra meets annually with DOH, OGDs and health professionals to consider the progress in research on PM at a meeting convened by the Institute for Environment and Health at Leicester University and the progress in research on PM is kept under active review.

49.
One external expert consulted commented that the recommendations in the AQEG Report are not entirely comprehensive, but do cover the more pressing areas for policy support research.  Inevitably the research recommendations are drawn up in the knowledge that there are budget limitations and therefore there is a need for realism.  AEQD officials have sought to manage the limitations imposed on them by budgetary constraints by ensuring a sharp focus on the work needed to develop and assess future policy options, by ensuring that scientific knowledge is assimilated through the work of expert advisory bodies and by cost sharing with OGDs where possible. 

50.
AEQD officials believe that they have been able to produce a clear strategy for the provision of evidence for policy development, and that the expert groups have been particularly effective in ensuring the assimilation of knowledge from the wider scientific community.  They consider, however, that there is further scope for cost sharing between Departments, particularly on the health impacts of PM and on the characterisation of traffic emissions.

51.
It was our overall impression that the strategy for PM work in AEQD was clear and seen to be so by external experts.  The scope was managed to ensure that the resources available were targeted towards problems of immediate concern.  This was done at the expense of a more comprehensive approach to PM evidence.  OGDs are important to the Science Strategy, but we were left with the impression that they could do more to support Defra in this area.  

Criterion 2: …‘horizon scans’ to identify future science-related issues

52.
The horizon scanning carried out by the AEQD to determine future issues related to PM has been done through the work of expert groups.  The scoping of future research requirements is partly driven by the known demands of the future policy agenda, for example by the need to have better understanding of how natural sources of PM will respond to climate change, and partly by the recommendations of expert groups.  

53.
In particular, we were told by Defra officials that the recommendations of AQEG have formed an important driver for AQ research.  For example, AQEG has suggested improvements to the modelling systems that AEQD plans to implement.  AQEG (building on an idea developed by NSCA) has also recommended a radical new approach to PM management, based on reducing the overall exposure of the population as a whole to PM to complement existing standards-based strategies.  This approach will influence the pattern of future AQ research, although it is too early to determine exactly how this will develop.  AQED has proposed a “safety net” PM limit level in the consultation on the AQS as a means of ensuring a minimum level of protection everywhere.

54.
There has been little linkage of this horizon scanning on PM to the wider Department’s horizon scanning activities, although AEQD took an active part in the original HS exercise.  This confirmed the importance of human factors in the Department’s work and in development of the AQ Strategy, but has yet to be followed up at the departmental level.  It remains to be seen if this will follow in the implementation of the E&IS and the re-launched HS activity. 

55.
AQEG was asked by AEQD to consider future priority areas for research.  It relied on the experience of its members and their assessment of the future potential for research to make recommendations on this question. 

56.
In making its recommendations, AQEG considered the crucial gaps in knowledge and the steps that could be taken to fill them.  Potential future developments, such as in monitoring technology, were considered.  AQEG considers that the issues for the immediate future are fairly clear and that there is a path ahead if the resources can be found to fund developments, especially in monitoring systems.

57.
There is certainly scope for improvement in AEQD’s horizon scanning programme with respect to PM.  Greater assessment of the available data is required, as well as the production of a higher quality of data for use in future analysis.  Clearly there are resource constraints, and it is the role of the Department to make decisions about the best use of resources.  However, the overall view is that AEQD is taking account of recommendations where it can.  

Criterion 3: …reviews and harnesses existing science and identifies gaps and opportunities for future research

58.
The normal practice in AEQ is to set up review groups specifically to ensure that the Division has summaries of current science and incorporates the latest findings in its work.  It has done this, for example, for acid rain and for photochemical pollution.  These review groups have considered topics in the broad, and made a highly strategic contribution to policy development.  In the case of PM, however, the science covers a very wide scope and there are immediate pressing needs for evidence to guide policy development.  The Division has therefore commissioned expert groups to focus on the immediate areas of concern in policy development.

59.
The AQEG report on Particles, Particulate Matter in the United Kingdom, does not include a specific review of current science.  In view of the timetable for the work and the level of expertise available within AQEG, it was considered that a comprehensive review would be a costly luxury.  Through the experts participating in AQEG’s work, the Group had access to existing science on the emissions and effects of different PM size fractions and on the options for controlling them.  This includes international scientific work.  Areas where research is still required or where it has been difficult to provide conclusive evidence are highlighted in AQEG’s recommendations.  For example, the report on PM makes strong points about the need to improve understanding of the sources of different size fractions.  This knowledge would be essential in improving the targeting and consequently the efficiency of the control strategy.

60.
AEQD officials believe that they have to prioritise their knowledge requirements with a sharp focus on the needs of current policy development.  They rely on their own expertise and on the expertise available to them from expert groups to ensure that Defra is aware of the broad understanding of PM, its effects and management options. 

61.
AEQD officials have considerable expertise in their own right and, their knowledge is kept up to date through their involvement in UNECE and EU expert groups.  The head of AEQD chairs the key scientific body of the UNECE Transboundary Air Pollution Convention (CLRTAP) and other AEQD members participate in working groups.  The Division has been heavily involved with the EU in the development of the EU Thematic Strategy for Air Quality, under the Clean Air For Europe (CAFÉ) process. 

62.
Current understanding, and the major gaps in this, are recorded in the AQEG report on PM.  This found that there were gaps associated with the pollution processes, and that further monitoring would help to fill these.  Given the pressure on budgets the Defra response to this will require it to perform careful prioritisation. 

63.
AEQD officials recognise that their strength lies in the physical/natural science component of the evidence base and they rely on inputs from other parts of Defra to supply economic analysis and social intelligence.  They consider that the input of the Defra economists has been helpful and well matched to the other work on PM, but suggest that OGDs have been less forthcoming, particularly on the cost burden to industry of PM policies.

64.
The Division has engaged with a wide range of external stakeholders, including environmental interest groups, through the Air Quality Forum.  This body is intended to provide the mechanism by which stakeholders can put their views to Government on the review of the National Air Quality Strategy and provide feedback on the progress of local air quality management.  The Forum is not intended to be a policy or decision making body, but a forum for the exchange of ideas and information.  It has proved to be an important part of the Division’s capacity for social intelligence.  The public interest stakeholders, including the National Society for Clean Air, have been able to contribute views from a wider range of stakeholders than the usual industrial and OGD representatives.  NSCA has also been highly influential in debates on air quality with OGDs. 

65.
AEQD officials were encouraged by the outcome of the Citizen’s Jury, and are considering how they can develop their knowledge in the area of social science.  They expect to work with other parts of Defra to achieve this. 

66.
AQEG was asked by AEQD to consider the pollution processes involved in PM and limited itself to these.  It did not comment in its report on economic or social aspects.  When considering pollution processes, AQEG focussed on the issues of the interpretation of monitoring results, and on the development of effective policy support tools (models for PM emission and dispersion, and final PM levels in ambient air).  AQEG believes that it covered this area comprehensively and that the gaps revealed in the review were the essential ones.  In particular, AQEG highlighted the current difficulty found when trying to reconcile the data on the different size fractions of the PM burden.  This makes it difficult to assess the relative contribution from different sources and therefore to develop effective measures to control high PM episodes.  

67.
Within the limitations of the current scientific evidence, AQEG was comprehensive in its review and recommendations.  In the view of the AQEG Chair, the AQ programme has some way to go to address the gaps identified.

68.
Defra’s assessment of PM does take good account of current knowledge of pollution processes.  However, it believes that more could be done to develop a social science component of the evidence base, especially on the factors that drive the use of polluting diesel vehicles in urban environments. 

69.
Independent experts comment that the Defra approach to PM is driven firstly by the requirements of the UK to meet the Limit Values set within the EU Daughter Directive (these are directives that follow the Air Framework Directive) on particulate matter, and secondly by attempts to anticipate the direction in which European air quality regulation is moving so as to be “ahead of the game”.  This involves taking scientific knowledge from a wide range of areas into account, and experts believe this is being done successfully.  However, it is not so obvious to them that insights from the social sciences have been used in such a substantial way, although there is undoubtedly an awareness in AEQD of the relevance of social research.

70.
It is a matter of regret to some experts that Defra has not been proactive in establishing direct collaboration with other funding agencies in the Air Quality field.  There is some coordination with the Environment Agency, but the EA funds little, if any, Frascati research in the Air Quality field.  The greatest benefits would be gained through joint funding agreements with NERC, but these have not been entered into.  Defra officials are happy to offer moral support to policy-relevant proposals submitted to NERC, but NERC grants panels have tended to regard policy relevance as a negative factor and very little Frascati policy-relevant research in PM air quality is funded by NERC.  Given the severe limitations imposed by the size of the AEQD research budget in Defra, this is a serious lost opportunity.

71.
It was remarked that relatively little new research has been commissioned since the publication of the AQEG Report.  Outline proposals were sought in relevant areas, but to date very few contracts have been issued.  As a result the current research programme is far from comprehensive, but it is considered sufficient to address some of the key policy issues.

Criterion 4: …commissions and manages new science

72.
Procedures for the commissioning and managing of new research are set out in the Departmental guidelines.  This part of the case study will examine how these were implemented in the specific case of PM research.

73.
The commissioning processes used by AEQD conform fully to the Defra guidelines.

74.
Specifications were prepared in consultation with the policy customers in AEQD and through an open process of review with OGDs.  A Research Requirements Committee, convened by AEQD with membership drawn from OGDS and the delivery agencies, meets annually to consider the AEQD research programme and the potential for synergy with other Government research programmes and contributions to the Defra programme from OGDs.  Potential contractors are identified from:

· The pool of existing providers

· Responses to the publication of the AEQD part of the EP Research Newsletter

· Responses received after invitations for expressions of interest are published in the Official Journal of the European Communities (OJEC), in the case of large non-R&D projects

· Advertisements on the Defra website for expressions of interest

75.
It is normal practice to use an open competitive tender approach when commissioning work.  However, there have been occasions where it was necessary to request single tender action, normally due to one contractor possessing a unique expertise.

76.
Defra contractors in the field of PM reported that their experience of the commissioning process had been positive.  They found project officers helpful and knowledgeable about the processes involved.  There were clear specifications and timetables for the work.  Due to the immediacy of the work commissioned and its direct link to the policy timetable, there was continual interaction between contractors and Defra officials, both the project officers and the policy customers. 

77.
Contractors and experts agree that AEQD has been helpful in handling reports and has encouraged the publication of results in the wider literature.  The Air Quality Forum has been a major route for the dissemination of PM work to a broader audience.  As the Air Quality Forum includes OGDs, it enables a full exchange of views across the different communities and ensures that the work of contractors is highly scrutinised.    

Criterion 5: …ensures the quality and relevance of the work it carries out and sponsors

78.
The quality review of relevant PM research incorporated into its reports is part of the AQEG process.  Much of the work referenced, including work commissioned by AEQD, is subject to peer review through the usual process for publication in journals but AQEG experts provide a further level of review. 

79.
The Department’s peer review system is gradually being rolled out across the AEQD programme, but there is a considerable volume of work and the coverage is patchy at present.

80.
The main guarantee that research will be fit for purpose is the close working relationship between the commissioning officials and the policy customers in the Division.  The work is commissioned to answer specific questions, and it is normal practice for the contractors to work closely with the commissioning officers and the policy customers during the course of the work.  There is no sense that work commissioned is left unattended by policy customers.  Policy customers are normally in continual contact with the contractors.

81.
The great majority of work referenced by AQEG in its reports is in the peer review literature and has been subject to stringent review.  AQEG also acts as a kind of extended peer review committee for the work commissioned by Air Quality Division, and so far the work has been found to conform to acceptable standards.

82.
The level of expertise within AQEG is such that the work commissioned by Defra is subject to intense critical scrutiny, and comparison with work from other sources considered by the Group.  This informal peer review has shown Defra’s work to be of a quality consistent with other work carried out at an international level.

83.
The peer review processes might be improved if there was more publication of commissioned work in the open literature.  Although AEQD does encourage such publication, we were told that further progress in this area would require funding specifically for the production of papers.  It has been commented that, in the case of contractors in academic institutions, RAE pressures should ensure that commissioned work is published in journals but it is not clear how effective this is in improving the publication rate.  

Criterion 6: …uses science and scientific advice, e.g. in formulating policy

84.
Air quality in general has proved a very scientifically demanding area of policy.  It has been necessary, for example, to understand the prevalence of pollutants in the air, their sources, the relationships between sources and receptors, and the technical effects of policy measures on sources and consequently on exposure.  In the case of PM the scientific challenge has been particularly intense and there are also considerable economic challenges as measures to reduce PM emissions are inherently costly.  This has meant that the development of PM policy is heavily dependent on a strong evidence base.

85.
As a result of the complexity of the scientific evidence and the presence of contentious results within the research, Defra has relied heavily on its expert groups to evaluate the existing data.  Such evaluations have played a major part in determining the future direction of PM policy.  In particular, they have directed the Department towards an approach based on reducing the population’s exposure to PM.  This is recognised as a major departure in policy and illustrates the willingness of the Department to respond to new evidence and suggestions.

86.
The physical/natural scientific evidence base cannot be considered complete.  This was recognised within AEQD and the policy development process had to proceed on the basis of the best information that was available.  AQEG has recommended areas for further work, and AEQD is considering how it can respond within its science budget.  There are also gaps in the economic analysis, especially as regards the real costs of different policy options. 

87.
AEQD officials believe that the Air Quality Strategy review is an accurate reflection of the messages that have emerged from the assessment of the PM evidence base.

88.
Independent experts believe that Defra has effectively used the insights gleaned from the PM research when developing its broad approach.  The recent consultation paper is cited as a good example of this.  The new approach to managing PM, based on reducing general population exposure, was developed by the science communities (contractors and universities) and has been taken up by Defra, despite being a radical departure from past practice.

Criterion 7: …publishes results and debates their implications openly

89.
We were told that AEQD actively encourages the publication of the work it commissions in the open peer review literature.  The results of its work are also made widely available through:

· The Air Quality Archive, containing data from monitoring systems, analysis and emissions data

· Review Group Reports, published on the web and widely distributed in physical copies

· Consultations on AQS, covering all aspects of the review.  The latest consultation, including the new approach to PM, was published on 5th April 2006 

· The AQ Stakeholder Forum, which considers the output from AEQD research and provides a commentary on it 

90.
Publication requirements arise from the policy needs of the Department.  Where there is a need for a debate within the scientific communities, AEQD is particularly keen to support publication in peer reviewed journals and to have the work exposed to debate at conferences and other scientific meetings.  Reports from Expert Groups are fully published and given wide publicity through the Defra press office and on the web.

91.
All data produced is publicly available and where possible there are commentaries on the results in the Air Quality Archive, a web site dedicated to the publication of public information on air quality.  The archive includes data and information on emissions and ambient levels of PM.    

92.
The main route for public debate on the information provided to AEQD for policy development is the Air Quality Forum, in which a wide range of stakeholders participate, including public interest groups. 

93.
A digest of the underpinning science is also provided as part of the consultation process.  The latest consultation on the Air Quality Strategy (the AQS Review) contains information on PM and the reasoning behind a change in approach.  It also contains an analysis of the available additional management measures categorised in terms of cost effectiveness.  The consultation has been sent to all AQ Forum members and to a wide range of external organisations.  

94.
It is generally accepted that Defra has a good record in publishing its PM work.  The Air Quality Archive in particular is welcomed by researchers and public interest bodies.

95.
There is a more mixed view of the influence of Defra’s public information in forming public opinion on air pollution in general.  There is some uncertainty about the value of air quality bulletins and forecast and the effect they have on general public awareness of air pollution.  Although there used to be public involvement in campaigns to manage air pollution (notably, in respect of PM, the dirty diesel hotline) these seem to have been dropped. 

96.
An independent AQ scientist comments that, in recent years, the AQ Division has been very open in revealing the results of its research programme.

“I can only speak from my own experience which has been very positive.  Officials from AQ Division have actively encouraged the publication of results in the scientific literature.  Also, when approached concerning the presentation of results at conferences, they have responded quickly and very positively.  The only delays which have arisen have been in relation to research results which are considered rather sensitive for release; this is frustrating for the scientist.” It is recognised, however, that Defra officials have a duty to ensure that Ministers are informed of the publication of information that might be sensitive. 

97.
Another expert noted that there was interest in AEQD in ensuring readability and that this sometimes caused delays.

Criterion 8: …shares, transfers and manages knowledge

98.
The nature of the AEQD remit requires high levels of information sharing with other bodies, especially OGDs.  AEQD has ensured that the results of its work are widely accessible, for example through use of the Air Quality Archive to publish data, and the publication of expert group reports on the web.  However, a formal knowledge management system is not in place and the Division is awaiting Departmental initiatives.  Knowledge is also shared via networks at EU, UNECE and national levels, and with Local Authorities in the UK.  The performance of AEQD in sharing knowledge is generally considered to be good. 

99.
Independent experts have commented that the knowledge AEQD collects is shared well within the scientific communities, and that the Air Quality Archive is an effective way of sharing information within a wider stakeholder community.  However, there appear to be significant weaknesses in the way results are shared with other government departments.  As one commentator put it: 

“I attended a meeting of selected members of AQEG with officials from the DfT and DTI to discuss relevant aspects of the AQEG Report on Air Quality and Climate Change.  Despite the fact that the AQEG Report had been available for public consultation for a significant period, there seemed to be little knowledge of it in the other government departments and it was only because they were invited by Defra to a meeting that they were forced to consider the content of the Report, and whether they had any relevant insights or inputs.  My impression is that knowledge sharing with DfT has deteriorated markedly since the demise of DETR.” 

Similar comments have been made by others.  However, the problem is generally believed to lie with OGDs rather than with Defra, and changes to the remits of the Departments of State are believed to have had a large effect on knowledge sharing within Government.

100.
To improve the situation, experts suggest that more formal procedures are required for exchanging reports on research programmes with OGDs, and also in requiring a formal response from other departments to the consultation drafts of reports produced by expert advisory committees.

Criterion 9: …has implemented Guidelines 2000 and the Code of Practice for Scientific Advisory Committees

101.
AEQD has ensured that all expert groups, including AQEG and EPAQS, conform to the code of practice for scientific committees.  Problems with candidates have not arisen to the knowledge of AQ officials.

102.
Guidelines 2000 for the use of knowledge in policy development have been implemented, with transparency guaranteed by open publication and by the expert groups system.

Criterion 10: …uses, maintains and develops scientific expertise (including both capacity and capacity building)

103.
In the area of PM research, Defra is highly dependent on the work of experts from a wide range of different scientific communities.  Many of these experts have had long-term relationships with Defra and OGDs, and have considerable experience of the preparation of information to be used as evidence in policy development.  However, the field of PM research is highly active and there is also a considerable demand for young scientists.  The health of these communities is considered very important by Defra.

104.
At present, the strength of the scientific communities involved in AQ research is considered to be good.  However, there are specific problems concerning the availability of social scientists with expertise in air quality.  AEQD officials believe that the shortage is recognised by Defra, and that they will be able to engage with the developing social science agenda to resolve the problem of internal expertise.  They believe that the work on the Citizens Jury is a first step in understanding and developing the external capacity for the social sciences.    

105.
AQEG considers that the communities it engages with are healthy, and that the resources released, for example by the NERC Urgent programme (on urban regeneration), have helped.  However, there is a perceived problem with the expertise available within the AEQD itself.  The pace of development of the AQ policy agenda has left officials stretched and the turnover of key staff has left the Division with a cover that sometimes appears thin.  It is recognised that this is again a matter of resources available to the Division.

106.
One expert consulted commented in detail on the current level of expertise of the scientific communities involved in PM research.  The joint research programme developed by DETR and the Department of Health, now almost 10 years ago, was very successful in generating an active cohort of investigators, especially on the health effects side.  The programme also supported good quality work on the physical science aspects and on issues such as personal exposure to particulate matter.  The initial programme was for three years and there was a subsequent smaller programme.  The scientists involved met annually for a very active meeting of two or three days.  The last such meeting was in April 2005, and was about half the size of the earlier meetings which reflects the shrinking of the community associated with the phasing out of the DETR (now Defra) /DOH funding.  It is a matter of some concern to this expert that the community will shrink further and may even lose critical mass. 

107.
We were told by one expert that the level of funding available to Defra for true research (as opposed to monitoring) is now much reduced (in part because more resources are needed for monitoring) and that NERC panels have been reluctant to fund policy-relevant work.  The expert considers that the only current hope is a forthcoming NERC programme on Environment and Health, but he notes that this has pitifully little funding (only £2.4m from NERC and minor contributions from collaborating organisations), and has an emphasis on capacity building which he feels is misplaced.  What is needed, he believes, is money to keep the existing community alive, not to draw in new people for whom there are inadequate funds.  Currently therefore, the answer to questions about the current level of expertise is that it is adequate but that there are worries for the future, given the shrinkage of the funding base. [A point made by others: need a ref. in the main report findings]

108.
This has a bearing on succession planning.  Senior officials and leaders within the research communities will be retiring in the next 5-10 years.  Many of these are recognised as experts at the international level.  The experts consulted have not seen younger people coming through to take their places, and think this is a particular problem on the health side where it has been very hard to recruit good quality people, for example to COMEAP, when the older members leave at the end of the maximum 10-year term.  The impression is that the problems are not so severe on the Defra side of the science boundary, but nonetheless it is far from obvious who will lead the science effort in the air quality arena in 10 years’ time.  This is considered an issue for Defra if the funding for research, and with it the investment in new experts, continues to shrink.
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