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Changing status of evidence

This evidence has been developed over a two-to-three-year period and it is recognised
that the evidence base is constantly evolving. Our regular engagement with AQEG and
COMEAP has in part enabled this work to be mindful of the latest evidence and to enable
some degree of future proofing outcomes. However, it is recognised that this work
represents the analysis that could be undertaken with available resources and time, and
that future work will be required in order to reflect emerging evidence over time. The
Environmental Target Framework within the Environment Act 2021 sets out how targets
will be evaluated and assessed as well as how they may evolve in the face of changing
evidence.



Executive summary

This evidence report is designed to inform the public consultation® launched in March 2022
on the suite of environmental targets developed for England under the Environment Act
2021 (1) and relates to evidence regarding air quality targets. It should be read alongside
the consultation document and air quality target impact assessment, which are published
as separate documents on the consultation webpage. It provides a summary of the
evidence used to develop the air quality targets as well as proposals for how the targets
will be set. Other evidence reports are available for the targets related to other policy
areas. This document enables respondents to the consultation to see the evidence
underpinning the targets and consider this information in their response.

The report summarises: the results of new research and analysis commissioned
specifically to inform the development of the new air quality targets; the independent
expert advice received; and views from the stakeholders engaged as part of the target
development process.

Target development process

The development of the new environmental targets under the Environment Act 2021 is a
two-to-three-year process involving the following steps or stages: (1) establishing the
targets’ scope, (2) gathering evidence and carrying out analysis to inform the targets, (3)
public consultation and (4) drafting the necessary legislation to put the targets into law.
The first two of these steps are summarised in this report. Following step three, the public
consultation, the targets will be refined in the light of the responses received and
legislation drafted to be put before parliament by 315t October 2022 in line with the
timelines set out in the Environment Act 2021.

Throughout the development of the target evidence base independent expert groups have
provided advice and recommendations. Each target policy area has one or more expert
groups consisting of specialists in relevant fields of work. In the case of air quality, the
already established Air Quality Expert Group (AQEG) and Committee on the Medical
Effects of Air Pollutants (COMEAP) provided advice on air quality modelling and
monitoring, and the health impacts of air pollutants. This was in the form of written notes,
discussions during regular meetings and bespoke workshops. Other experts also
contributed through workshops, a call for evidence and bilateral discussions with officials.

The Environment Act targets were developed as a suite of targets, and the
independencies between targets and other policy goals, such as reducing greenhouse gas
emissions, were considered. The targets are part of wider environmental policy
development and action and are not the only avenue open to instigate environmental
improvement. They cannot be considered in isolation but are part of an overall
environmental strategy as outlined in 'A Green Future: Our 25 Year Plan to Improve the

1 https://consult.defra.gov.uk/natural-environment-policy/consultation-on-environmental-targets/
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Environment' (2). This sets out Defra plans to improve the environment, within a
generation and will be carried forward in future Environmental Improvement Plans (EIPS).

Proposed target scope and metrics

The air quality targets are focused on reducing concentrations of fine particulate matter
(PMz2s) as this is the air pollutant which causes the most harm to human health. The
existing air quality standards for other air pollutants will remain and will not be
substantively affected by the new targets. The targets relate to ambient concentrations in
air as a surrogate of average population exposure. There are many factors that contribute
to personal exposure such as the amount of time spent indoors, or within different
environments, employment type and modes of transport used. Ambient concentrations do
not account for all exposure, however they are shown to relate strongly to the health
impacts across the general population and are therefore a key metric of harm and
reducing ambient levels is a key factor in reducing population wide exposure.

Whilst it is likely that some components of PMzs are more damaging than others, the
expert advice has been that total PM2.s mass remains an effective indicator of health
damage. PMzs mass is generally more practical to measure routinely than its
subcomponents. Therefore, PM2.s mass will be the basis of these targets. Defra will
continue to review the scientific research in this area, and it may be that in the future,
understanding of the health impact and measurement technology has advanced
sufficiently to consider setting targets for PM2.s components.

The targets will be focused on long-term exposure with respect to ambient levels of PMzs
as it is the accumulative effect over many years which causes the most damage for the
majority of people. Ambient concentrations are used here as a surrogate of true exposure.
Exposure to short-term peaks remains important for susceptible people, but as the two are
interconnected, action to reduce long-term exposure will also reduce short-term peaks.
The Government’s response to the coroner’s Prevention of Future Deaths Report following
the inquest into the death of Ella Adoo-Kissi-Debrah (3) outlined the immediate action that
will be taken to improve public awareness about air pollution such as the commitment to
undertake a comprehensive review of existing sources of information provided to the
public. This will enable steps to be taken to mitigate and manage the impacts of short term
and long-term exposure.

As proposed in the target policy paper published in August 2020 there will be two PM2.s
targets; the annual mean concentration target (AMCT) which sets a maximum
concentration to be reached by a future year, and a population exposure reduction target
(PERT) which sets a reduction in average population exposure to be obtained by a future
year compared to a base year. The two targets will work in tandem to drive action across
the country, whilst ensuring improvements in the areas with the highest concentrations for
which there is wide-spread support from experts and stakeholders.



Proposed target assessment approach

Targets will be assessed through long-term fixed monitoring, although modelling will still
provide supporting information and indicators of progress. The current uncertainties that
are associated with modelling a complex pollutant such as PM2.s meant that basing
assessment on monitoring was a clear recommendation of experts. The existing national
air quality monitoring network (the Automatic Urban and Rural Network - AURN) which (as
of 1 January 2022) includes 63 PMz.s monitoring sites in England, will be used for
assessment purposes.

The AMCT will be assessed using the concentrations measured at all individual sites
operational in a calendar year. The target will be met if all sites are equal to or below the
AMCT level by the set date. If any site exceeds the target by the set date, an assessment
will be made of the concentrations recorded at each monitoring site over the previous four
years. The target will be met if all monitoring sites did not exceed in three out of the
previous four years. This is to account for transient events that may affect the assessment
year, so that it does not represent the true trend.

The metric to inform the PERT will be calculated from the average of measurements made
at monitoring sites across England that considered to be in locations representative of
typical concentrations across a region. This is likely to comprise ‘urban background’ sites,
which tend to align with population density, or ‘suburban’ sites, where that is more
appropriate. The metric for the PERT will be based on a three-year average to reduce the
impact of weather conditions in any particular year and ensure the target focuses on the
underlying trend. The PERT will be met if the change in the measure of average
concentration across the country (i.e., the population exposure reduction metric as
measured by monitoring) between the target year and the base year, is greater than or
equal to the target percentage reduction.

Existing requirements for monitoring equipment, site location and data capture will be
retained to provide a consistent approach to evaluating trends over time. Some aspects of
how instruments are calibrated and have their performance assessed will need to evolve
over the coming years, to align with more challenging requirements to measure PMzs at or
around the new (lower) target concentrations. We also plan to expand the PM2.s monitoring
network over the next three years to support the assessment and delivery of the new
targets.

Proposed target level and date

The Environment Act 2021 requires that the Secretary of State is satisfied that the targets
are achievable. Modelling and analysis was carried out to better understand what PM2.s
concentrations are achievable by when, and the scale of action needed to achieve them.

Scenarios with different levels of emission reductions were modelled to ascertain what
future PM2.s concentrations might be achieved under different scenarios. The scenarios
represent possible future changes, not government policy or a prescribed pathway to
target delivery. Air quality modelling based on these emissions was used to assess future
PMz.5 concentrations and ascertain what target levels could be reached at different points
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in time. The lowest target values can only be obtained under a ‘speculative’ scenario which
includes large scale behaviour change and implementation of technology not yet available.
The ‘medium’ and ‘high’ scenarios are more achievable, but depend on additional policy.
The ‘baseline’ scenario illustrates the progress that is likely to be made through policies
that are already committed to.

Influences on PM2.s concentrations such as weather conditions, variation in estimates of
emissions from key sectors (such as domestic combustion) and modelling uncertainty
were evaluated as part of the assessment. For example, modelled annual mean
concentrations can vary by more than 1 ug m under the same emission scenario for
different weather conditions. These variations were taken into account when evaluating
which targets are achievable.

Impact of proposed targets

The target ambition level set will have implications in terms of health benefits of achieving
the target, but also in the cost of delivery and the scale of changes both businesses and
individuals will need to make.

Some of the measures included in the scenarios are also necessary to meet the UK’s net
zero greenhouse gas emission commitment, but others are additional, and are specifically
to address PMz.s. For example, although electric vehicles produce no tailpipe emissions,
they still emit PM2.s from brakes and tyres, so new technology (not currently commercially
available) is needed to reduce emissions from that source. Another key source of PMzs is
domestic combustion of solid fuel. Some level of reduction in emissions from road
transport and domestic combustion are assumed in all the scenarios, meaning that
progress in these sectors is central to meeting the wider targets. Further technological
advancement in the abatement of emissions will determine the degree to which it is likely
that some level of reduction in activity will be required particularly with regards to road
traffic and domestic wood burning in large urban areas. The scenarios include a range of
technological advancements, but in some sectors, the degree to which they can reduce
emissions in future years is significantly uncertain. The scale of emissions reduction
needed, and by extension the assumptions around new technology and subsequent need
for restrictions or changes in behaviour, depends on the scenario. Action to reduce further
emissions from road transport and solid fuel burning, along with other measures contained
in the scenarios, could have a large impact on people’s lives, and may require financial
investment by individuals, business, and government. The magnitude of PM2.s reduction
and how quickly it is carried out will determine the scale of intervention required, as well as
the costs of implementation and the health benefits forthcoming.

In addition to overall health benefits, the scenarios evaluated showed large improvements
in health disparities. Currently the highest PM2.s concentrations are often found in the
areas of higher deprivation. Under all scenarios the difference in the PM2.5 concentrations
that the most and least deprived areas are exposed to decreases. There are also other co-
benefits of implementing the scenarios, such as reducing the harm air pollution exerts on
biodiversity.



The health and other benefits have been monetised and compared to the cost of
implementing the measures contained in the scenarios. This showed a net benefit in
implementing measures that were similar to those included in the medium and high
scenarios, but there needs to be a recognition that there is a high initial cost.

Proposed targets and rationale

Annual Mean Concentration target — 10 pug m=3to be achieved by 2040
Population Exposure Reduction Target — 35% reduction by 2040

After considering all the evidence government proposes that the AMCT is set at a level of
10 pug m2 and the PERT is a 35% reduction in the population exposure metric compared to
a 2018 baseline, and both to be met by 2040. Five-yearly interim targets will be set to
ensure suitable progress is made towards the targets over the coming years. The first
interim targets and a pathway to meet these will be published in January 2023 in the
Environmental Improvement Plan. The proposed targets best reflect the evidence and
provide an appropriate balance between health benefits and restrictions on society. Going
further or faster with respect to the target levels or dates would require much greater
restrictions on society and increased costs, for an increasingly smaller benefit. A range of
measures across different sectors will be needed in order to reach the targets and this will
take time to implement, and each will require suitable engagement and consultation.
Whilst challenging, the evidence demonstrates that with sufficient action the proposed
targets are achievable.

In 2018 the average population exposure was 10 pg m and the highest measured value
was 16 pg m=3. The proposed targets therefore represent a large improvement from
current concentrations, with significant health benefits. A reduction in population exposure
of 35% is equivalent to 214,000 fewer cases of cardiovascular disease, 56,570 fewer
strokes, 70,000 fewer cases of asthma and 23,000 fewer cases of lung cancer over
eighteen years (based on modelled impact data). The average gap between the lowest
and highest deprivation will be halved.



Introduction

Purpose of this report

This Evidence report is aimed at anyone who is interested in the evidence that has been
commissioned and used to inform the PM2 s targets set through the Environment Act 2021

().

It is complementary to the main consultation document, through which views are sought on
the proposed targets, and the Impact Assessment which summarises the key economic
analysis that has been undertaken. These can be found on the consultation webpage,
along with a short summary of the evidence described in this report?.

The purpose of this report is to draw together in one place, the process that has been
followed to inform the setting of new PM2s targets through the Environment Act 2021 and
to detail how expert advice, evidence and analysis has been commissioned and used to
inform key decisions regarding the setting of targets that we are now consulting on.

This report draws on a wide range of material; including recommendations through regular
engagement with expert groups, advice and recommendations from technical target
workshops, learning from workshops and interviews with sector specialists, key findings
from a call for evidence, and on modelling assessments specifically commissioned for this
purpose. It highlights where stakeholders and expert’s views have informed the targets as
well as how the evidence has been reviewed and quality assured.

The Environment Act 2021

The Environment Act 2021 sets a new domestic framework for environmental governance
and includes commitments to secure improvement on air quality, biodiversity, water and
resource efficiency. An important aspect of this Environment Act is the power to set long-
term, legally binding environmental targets in England. Setting targets will provide a strong
mechanism to deliver long-term environmental outcomes. This will build upon progress
towards achieving the long-term vision of the 25 Year Environment Plan and help tackle
some of the serious challenges that remain. Environment Act targets will help stimulate
investments in green technology and innovative practices by providing long term certainty
for business. They will help business to plan ahead, including how they rebuild from the
Covid-19 crisis.

With respect to air quality, the Act delivers on key commitments first set out in the Clean
Air Strategy 2019 (4) (CAS) — including the commitment to set new air quality targets to
reduce the impact of exposure to fine particulate matter - PMz5 the pollutant that has the
most significant impacts on public health. These targets are set for the purpose of meeting
the requirements of the Environment Act 2021 and are not to be confused with “target
values” that have a very specific meaning as defined within the Air Quality Standards

2 https://consult.defra.gov.uk/natural-environment-policy/consultation-on-environmental-targets/
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Regulations 2010 (5). Common to both AQSR and these targets are the setting of a
standard to be achieved (a concentration recorded over a given time period), a level of
compliance or exceedance that is allowable (if any) and a target date by which that
standard must be achieved (objective).

PMzsis not a single chemical, but any substance in the air which is not a gas and is less
than 2.5 pm in size. It can be emitted directly (referred to as primary PM2s) or produced
when other constituents (precursors) react in the atmosphere (to form secondary PM2:s).
Some PMzs occurs naturally from sea salt, soil, pollen etc., but human activities such as
combustion and abrasion greatly increase the amount of PMzs in the air. There is strong
evidence that exposure to PM2.s has a wide range of health impacts, and long-term
exposure has been linked to respiratory and cardiovascular disease, cancer and dementia.
Although it is not possible to eliminate PMz s entirely, efforts to reduce concentrations and
reduce the impact on health will be beneficial to health. Average annual mean
concentrations have reduced since 2010 by 24% at urban background locations and by
30% at roadside monitoring stations (excluding 2020 and 2021 which were affected by the
covid-19 pandemic) (6), however there is more to do.

The Environment Act 2021 aims to drive further reductions by establishing a duty to set a
target specifically on PM2.s concentration, alongside a further long-term target for air
quality. Long-term targets set through the Act will be supported by interim targets, which
will set a five-year trajectory towards meeting the long-term targets. Whilst interim targets
are not legally binding, they set a clear direction of travel and will enable an ongoing
assessment of whether the government is on track to meet its longer-term target
ambitions. The long-term targets need to be brought before parliament by 31 October
2022.

Context

The Clean Air Strategy 2019 (4) outlined a range of action that is needed to improve air
guality. Much of this action is already underway — such as legislation to limit the use of
wet wood and domestic coal to reduce emissions from domestic combustion. As we
continue to deliver the Clean Air Strategy, these proposed targets will be a key tool in
reducing PM2s. They will act alongside the emissions targets (7) that the UK are already
committed to, as well as existing Air Quality Standards (AQSR 2010) enabling the delivery
of significant public health benefits across the country. These targets will be set at national
level and as air quality is a devolved area, apply to England only. There will be a role for
Local Authorities to support meeting the targets and whilst this role will be fully explored
through the Air Quality Strategy review during 2022, it is discussed in more detail later in
this report.

The “Environment Bill - Environmental Targets Policy Paper” published in August 2020 (8)
(hereafter referred to as the “Environmental Targets Policy Paper”) detailed the key
principles and process for target setting. The paper outlined proposals for the long-term air
guality target focussing on reducing population exposure to PM2.s, which will act in tandem
with the PM25 annual mean concentration target (AMCT) specified in the Act. The AMCT
will provide a maximum concentration limit, focusing attention on reducing concentrations
where they are highest, whilst the population exposure reduction target (PERT) will drive

11



continuous improvement across the country, providing a key driver to deliver public health
benefit.

A dual target approach is important for tackling a “non-threshold” pollutant such as PMzs. It
assures a balanced approach, drives action in locations that meet the concentration target
and avoids disproportionate focus on hotspot locations. This means actions to reduce
PM2.s can be more readily linked to public health benefit. Stakeholder engagement and
discussions with the expert groups before and after the publication of the Environmental
Targets Policy Paper established that there was strong support for both targets and this
dual target approach to reducing PM2s health harm.

Through the process of setting new air quality targets there has been significant interest
from experts, stakeholders, parliamentarians, and the public. Much of this interest has
been supportive of the commitment to act on PM2.s and more specifically to focus both on
lowering the levels where the concentrations are currently highest — bringing equity and
ensuring no one is exposed to excessive levels, as well as developing a target specifically
on reducing population exposure - to deliver the most effective health benefit across the
country.

While the targets have been under development there have been calls, parliamentary
debates and amendments put forward to the Environment Act as it progressed through
parliament, regarding the role of World Health Organization (WHO) air quality guidelines
(2005) and proposals to align the concentration target to those guidelines. WHO air quality
guidelines consider the weight of evidence regarding the impacts of air pollution on health
and provide guidelines for consideration when setting targets to minimise such impacts.
The WHO guidelines for PM2s are based on concentrations at which health effects have
been seen to occur, but these do not consider the feasibility or costs of achieving such
concentrations, critical factors when setting targets. Assessment of feasibility and cost is a
major focus of this report.

During this evidence gathering, the WHO updated its air quality guidelines, lowering the
recommendation for the PM2.5 annual mean concentration guideline from 10 ug m=to 5 pug
m-2 (alongside changes to guidelines for a range of other pollutants) (9). The changes to
guidelines for PMzs further highlight the importance of air quality and demonstrates that
there is evidence of health impacts at levels significantly lower than the existing legally
binding limit value of 20 ug m- within the Air Quality Standards Regulations 2010. In
addition, it emphasises that there is no evidence of a safe level that can be set to provide
full protection from exposure to PMz.s. PM2.s cannot be completely eliminated in the way
that some pollutants may have been in the past, as it is formed from a whole range of
human and natural sources. It is therefore important to focus on continuous improvement
through the setting of a population exposure target to drive action and maximise health
benefits, even if levels are below a legal concentration limit.

The Environment Act 2021 states that the Secretary of State must be satisfied that the
targets are achievable, and that the actions taken to deliver them are proportionate. As the
Clean Air Strategy 2019 highlighted, reducing PM2.s will require action from all aspects of
society. Detailed policies to achieve the targets are not proposed at this stage but it is
important for the public to understand the scale of interventions and the changes to
everyday lives that will be required to achieve the proposed targets, and for views to be

12



expressed through the consultation process. This report outlines what the evidence shows
is likely to be possible in future years in terms of reducing concentrations of PM2s and the
scale of interventions that will be required. It also describes the evidence behind decisions
on how the target metrics will be defined and measured. The separate Impact
Assessment? lays out the details of the potential benefits and costs of implementing
measures to meet the target, but the evidence behind the assessment approach taken is
summarised herein. The evidence in this report informs both the AMCT and the PERT.

Target development process and timetable

The Environmental Targets Policy Paper identified four steps to enable the systematic
development of evidence and meet the criteria and principles set out in the Environment
Act in order to develop strong and meaningful targets. Input from experts, stakeholders,
the public and Parliament has and will continue to play an important role in making sure
we have robust targets that drive positive environmental outcomes. The policy paper
outlined the key criteria for setting targets, such as long-term targets having a minimum
duration of 15 years; they must have a clearly defined level or quality standard to be
achieved, which can be objectively measured; they must identify a specific date for
achieving each target; they should be ambitious but achievable; and that independent
expert advice must be sought by government to inform the development of targets.

Similarly the Environmental Targets Policy Paper (8) outlines key principles that were
established, such as the targets should help to meet the key goals and outcomes set out in
the 25 Year Environment Plan (2) (or in future Environmental Improvement Plans) as well
as wider government environmental policy ambitions; where possible, targets should be
based on environmental outcomes; a system-based approach to the natural environment
should be taken, as far as possible, so that we consider the targets collectively and
understand their interdependencies with the wider environment; when we are developing
targets, we will consider how they will contribute to meeting the significant improvement
test, as set out in section 7(3) of the Environment Act 2021; and when developing targets,
we will consider any relevant international best practice and commitments.

The steps are:
Step 1: Setting the scope of the targets

Step 1 provided the overall direction and focus for target setting. Part B of the
Environmental Targets Policy Paper provides an overview of the government’s proposed
scope for targets. This is the starting point from which specific targets will be developed by
government to meet the criteria and principles (as referenced above).

Step 2: Developing fully evidenced targets

Step 2 focused on developing the detail of the targets, for example an achievable level of
improvement to the environment, over a given time period and how this will be measured.
It involved detailed analysis of scientific evidence. Government and its statutory advisors

3 https://consult.defra.gov.uk/natural-environment-policy/consultation-on-environmental-targets/
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(such as Environment Agency, Natural England and the Joint Nature Conservation
Committee), as well as other evidence partners, provided evidence to inform target
proposals.

During this step, the potential measures have been identified that could drive action and
help achieve environmental outcomes. Socio-economic analysis will assess the costs,
benefits and distributional impacts of any such measures on businesses and wider society.
These considerations will help ensure that proposed targets are achievable and affordable
whilst still driving the ambitious changes we need to the environment.

The principles in developing targets outlined in the Environmental Targets Policy Paper
guided target development so that they are robust and meaningful, and supported wider
environmental aims across government, such as reaching the net zero greenhouse gas
budget target by 2050.

Target development was supported and scrutinised by independent experts. This included
assessment of the evidence and scrutiny of Defra’s analysis on the deliverability and
impacts of proposed targets. Experts were asked to publish their views at appropriate
points during this step of the target development process and these publications are linked
throughout this document.

By the end of this step we will have developed objectively measurable metrics as well as
proposals for target standards, dates to be achieved and first interim milestones for targets
(see essential criteria and principles in the section above).

Step 3: Public consultation on target proposals

Alongside iterative engagement with key umbrella organisations throughout the target
setting process, and any wider engagement (such as through digital tools), we will consult
stakeholders and ask for written responses on the proposed targets within each priority
area. This will provide an opportunity to hear a range of views on the ambition, evidence
and achievability of target proposals. An impact assessment will accompany the
consultation and consider the environmental and socio-economic considerations
associated with each target. This step will provide time for written contributions to be
made.

Step 4: Drafting target legislation

Once the government has collated responses from the public consultation, responses will
be considered and summarised in a published government response. Government will
then decide the targets to be set. Statutory Instruments setting out the targets will be laid
before Parliament and published in draft by 31 October 2022 and will come into force once
approved by Parliament.

This report is part of Step 3 - the public consultation and describes the results of Steps 1
(scoping) and 2 (evidence development). Step 4: drafting of target legislation, will follow
once the public consultation responses have been reviewed and considered.

The air quality target setting process has drawn on the expert input of a wide range of
organisations to ensure that the best evidence was available; these included the Air
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Quiality Expert Group (AQEG)* and the Committee on the Medical Effects of Air Pollutants
(COMEAP)® as well as experts in air quality modelling from Imperial College London and
UK Centre for Ecology and Hydrology (UKCEH) and leading air quality consultants and
academics. We also drew on the wider expertise of air quality community through a call for
evidence to inform the expert advice to Defra. Defra have worked closely with the
Environment Agency, particularly on key aspects such as the evolution of the monitoring
regime, and this work is ongoing. We are working closely with the other policy teams
setting targets under the Environment Act Targets Framework to ensure that the targets
are coherent, and systems interactions are considered throughout.

Following consultation, the evidence will inform the development of the statutory
instrument to set into legislation the target levels, dates and define the appropriate detail
around the assessment programme.

Overall approach

Over the past two to three years Defra has been working with world renowned experts in
air quality modelling, monitoring and health to:

e Define the target metrics and determine how they will be measured and calculated

e Understand what target values are achievable by when and what drives changes in
PMz2.5 concentrations

e Quantify health benefits, economic cost and effects on exposure disparities.

Setting targets for PM2s is a complex challenge as PM2s is emitted from many sources,
both manmade and natural, as well as being formed in the atmosphere from emissions of
other pollutants. It is also a transboundary pollutant impacting areas large distances away
from where it was released. This means a significant proportion of PM2.s in England
(particularly Southern and Eastern England) originates from outside of the UK (AQEG
estimated that historically it has been in the region of 21-30%). More information on PM2
can be found in AQEG'’s Fine Particulate Matter in the UK report (10) and its report
Mitigation of United Kingdom PM2 s Concentrations (11).

Air quality modelling has been used to predict how PMz2.s concentrations may change in
future years in response to both our best estimate of future conditions and emissions, as
well as in response to additional measures and actions that can be taken to meet future
targets. However, the complexity of PMzs as a pollutant means that there are a great
many uncertainties with predicting its concentration in future years. Key uncertainties
include secondary formation in the atmosphere, the complexity of emissions sources and
activities, the role of meteorology and transboundary pollution and the impact climate
change may have on future attainment.

Air quality modelling provides a means to estimate how our best understanding of current
emissions, sources and chemistry of PM2s (including gases that form secondary PMz25s)

4 https://uk-air.defra.gov.uk/research/ageg/

5 https://www.gov.uk/government/groups/committee-on-the-medical-effects-of-air-pollutants-comeap
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result in the concentrations we have experienced in previous years. Such predictions can
be compared to observations from monitoring that have taken place at specific locations
and can provide a guide to concentrations where observations were not made.

When estimating how concentrations may change in future years, adjustments are made
to the emissions inputs to replicate the future, based on our best estimate of the baseline
and the effect of applying a range of additional measures to that. In predicting impacts the
modelling must consider the dates that measures could viably be implemented, the degree
to which they will be taken up and the degree to which they will impact emissions, either by
affecting activity levels or the rate of emissions from those activities. Future policy direction
across a range of areas will also affect air pollution in future years and these need to be
accounted for but are also a source of significant uncertainty - such as policies to meet net
zero.

Models will always be uncertain but can help provide information about how
concentrations may respond to specific interventions and how, taken as a whole,
concentrations could change under particular scenarios. Uncertainty must be considered
when interpreting the data and some assessment of uncertainty through sensitivity
analyses has been undertaken to support this analysis.

Whilst this work outlines the range and scale of interventions that may be required to reach
different target levels by different target dates, it is not the intention at this stage to outline
detailed policy pathways or action plans for delivering the targets. No work was carried out
on developing individual policies beyond those already in train e.g., recent legislation
restricting sales of domestic coal and wet wood, and many of the measures or
interventions considered in the illustrative future scenarios for modelling purposes are not
current government policy. It is important that differing levels of interventions were
explored to assess the future achievability of target levels but to also understand what it
would require in terms of the interventions or restrictions on our everyday lives to reach
different target levels, before these targets are set.

Target scope

By setting targets aimed at reducing PM2.5 concentrations we are focussing on the
pollutant of most harm to human health. Whilst there is recognition that exposure to PM2s
is complex, these targets focus on concentrations in ambient air, so do not consider air
pollution inside buildings or in very specific work-place environments or related to
particular transport modes, for example. In part, this is because wider legislation is in place
to account for work-place exposure but is also because the evidence shows that there is a
strong association between health impacts and outdoor ambient concentrations. Whilst
more wide-ranging targets may be desirable in the longer term, the evidence regarding
ambient exposure demands that action is taken now, rather than risk making commitments
that are not deliverable either due to the complexity of evidence or due to significant
evidence gaps.

These targets build on existing ambient air quality legislation such as the Air Quality
Standards Regulations 2010 (AQSR 2010) (5), in considering ambient concentrations at
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publicly accessible outdoor locations that are representative of general population
exposure.

Whilst there is recognition of the associations between different size fractions, properties,
and constituent chemical components of particulate matter, as well as the nature of
secondary particulate matter, all evidence gathering relates primarily to total PM2.s mass.
Associated pollutants or other definitions of particulate matter including PMao, ultrafine
particulates, particle number or constituents of PM2.s such as black carbon are not
specifically considered but are referenced in various locations through this work. The
current emphasis on PM2.s mass follows strong advice and guidance from expert groups
including the AQEG who advised on monitoring, modelling and air quality science, and
COMEAP who provided clear health advice through the process. The focus of the
evidence gathering was primarily on understanding what future PMzs concentrations are
achievable under different ranges of interventions; how the targets could be measured,
and progress tracked; and consideration of the costs of those interventions compared to
the impact of achieving different target levels.

Target vision and policy objectives

Before targets are set it is important to convey a clear vision and outline the policy
objectives to ensure that the end goal is kept to the fore when developing the targets. This
also helps with communication of the targets, giving a framework to consider whether the
targets have or are likely to meet the objectives, both in terms of the levels of ambition set,
but also the balance between the two targets.

These PMz s air quality targets aim to:

1. Provide equity by driving action in the locations where highest levels of
exposure occur thereby delivering a ‘minimum’ standard of air quality across the
country

e we propose to do this by setting an AMCT.

e this target will drive action that is most effective at reducing levels where the
concentrations exceed the target level.

e alone, this target will not necessarily drive wider action and would not be most
effective at delivering public health benefits, however it helps to protect the more
vulnerable members of society living in the areas with the highest exposure.

2. Encourage actions that reduce concentrations of PMzs in ways that deliver the
greatest public health benefits (at all levels of government and sectors of
society)

e Wwe propose to do this by setting a PERT.
o this target will drive action that is the most beneficial for public health across the
whole population, wherever they live.
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3. Drive continuous improvement over the long-term, to encourage action to deliver
air quality improvements beyond the ‘minimum’ standard of air quality -
addressing the fact that there is no threshold below which exposure to PM2s
does not have an impact

e Wwe propose to do this in part through the PERT
e alongside a defined role for local authorities in supporting PM2.s reductions.

4. Support action to reduce health disparities with regards to air pollution; and the
most appropriate way to deliver benefits for those most at risk from adverse
health effects of air pollution

e The AMCT will partly address exposure disparities by ensuring a ‘minimum’
standard across the country; and the PERT will benefit the whole population,
including those who are most susceptible. An assessment was made of how the
different emissions scenarios would address disparities in exposure and further
analysis will be undertaken as policies and plans to meet the targets are
developed.

5. Form part of a comprehensive and integrated strategy to deliver cleaner air, and
sit within a supporting target framework of measurement, regular review, and
assurance

e We will work with the other target policy areas, other government departments and
local government, so that independencies with other environmental policy aims
such as net zero are captured and co-benefits are realised.

e We will develop a robust system of measurement, regular review and assurance to
support the targets.

In setting the targets to meet these objectives there are number of specific principles that
they must meet that build on the Environment Targets principles.

The success of air quality targets will be judged not solely on whether they are ultimately
met, but on how well they meet the key principles outlined as requirements for targets.

Key success criteria for the targets:

Clear and simple to understand- it is important that targets are simple and
understandable so that there is a level of transparency in how they are going to be
measured and assessed.

Lock in long term ambition — to set out a clear trajectory that brings certainty and
enables long term investment in technologies to reduce PMz2s but also assurance that
investment in measures will have a long-term future.

Be universally relevant— reducing PMzs is a challenge to all of society, all aspects of
society should be working to reduce their contribution to PM2.s pollution.

Promote continuous improvement - acknowledges that whilst PMzs is unlikely to be a
pollutant that we can eradicate, it is important to strive to continuously invest and support
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measures that reduce our exposure to a pollutant that is causing significant long-term
harm.

Reduce public health harm — these targets will have very significant and long-term
benefits for health. Whilst setting targets that are both ambitious but achievable, we can all
play our part to the benefit of us all.

Protect the most vulnerable — it is important to remember that whilst PM2 5 affects us all,
it can be most impactful on those that are most vulnerable. Therefore, whilst targets will
drive down exposure for all there is more to do to ensure information is accessible to
enable people to be informed and take action to reduce exposure.

These principles are central to the viability and efficacy of the targets developed and are
therefore considered and referenced throughout this report.

Key elements in developing PMz s targets

The target development process needed to develop a robust and unambiguous approach
to metric measurement and required an extensive programme of work with input from
experts in a range of different disciplines. Figure 1 provides a schematic of the main
aspects of air quality target development process. The details of each element are
provided in the report sections which follow.
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Figure 1: Target evidence development process
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In setting new targets for PMzs it is important that due consideration is given to defining
the metric, including establishing how the metric will be measured and calculated, and
developing an appropriate assessment approach. With respect to setting the level for the
target it is important to take into consideration the health evidence, to develop an approach
to modelling future scenarios to assess potential progress and a method to evaluate both
the potential costs and benefits of achieving the target. Following sections take each
element in turn to describe work undertaken, the advice given, and evidence sourced to

inform decisions on each aspect of defining the targets.

Systems approach

The multi-component and multi-source nature of PM2.s means its generation is integrated
into every aspect of our lives and so PMzs concentration has independencies with multiple
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other policy objectives. The targets need to be considered as part of a system, rather than
in isolation and this is clearly stated in the Environmental Targets Policy Paper as a key
principle of the Environmental Targets in the Environment Act 2021. Work was undertaken
to develop a systems map of PMzs to inform the target development work. This did not aim
to capture every PMzs interdependency, however it did illustrate how wider socio-
economic factors such as the economy, urban planning and population distribution affect
PMz2.s concentrations. The interdependencies can be very complex, for example, a robust
economy is more likely to result in greater investment in developing and installing lower
emission technology by government, industry, and individuals. However, it also tends to
increase travel and consumption of goods and services which would increase these
activities and potentially create more sources of emissions.

None of the interconnecting factors are likely to remain static in the future, and some of
these changes will have positive impacts on PM2.s reduction and others negative. Key
drivers for change are public awareness and agency on environmental and health matters,
technical innovation and investment as well as government regulation. There are other
policy areas with similar drivers for change, for example net zero. There is a great deal of
alignment between actions to reduce PMzs and greenhouse gas emissions, however there
are also actions needed to reduce PMz.s which do not also contribute to net zero, for
example, reducing road vehicle emissions, even if the vehicles have no zero tailpipe
emissions, due to particulates from brake, tyre and road abrasion. There are also areas
where there are potential conflicts, for example combustion of biomass may play a role in
reducing carbon, but without appropriate mitigation will emit additional PMz.s. For this
reason, net zero is considered throughout this work and an illustrative net zero scenario is
explored as a comparison in the modelling, with discrete assessments such as the impact
of increased biomass burning considered as part of the sensitivity analysis. Note the net
zero scenario used in this work is only illustrative, as it has been developed during a
period of rapid evolution of government strategies to deliver net zero.

The map helped to inform the sector studies and sensitivity analysis, enabling the most
important and uncertain sectors to be identified.

The air quality targets also interact with the other targets being developed to meet the
requirements of the Environment Act 2021, for example agriculture improvements could be
made that benefit both air and water quality, and air pollution affects biodiversity. The
Environment Act 2021 targets have been developed as part of a portfolio, taking into
account interdependencies as far as possible, and there has been engagement throughout
the target development process between the policy areas. See the main consultation
document for details®.

Expert and stakeholder engagement

A range of experts and stakeholders have been integral to the target development work
and involved throughout the process.

6 https://consult.defra.gov.uk/natural-environment-policy/consultation-on-environmental-targets/
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Expert groups

Two long-standing independent groups were engaged early and throughout the
development process, and their role to act as key advisors and interpreters of scientific
information was agreed with group members. The Air Quality Expert Group (AQEG)’
provided technical input in relation to metrics, modelling and monitoring. The Committee
on the Medical Effects of Air Pollutants (COMEAP)?2 provided information on the health
impacts of air pollution which fed into the metric definition, monitoring approach and impact
assessment. Input was through participation in discussions in bespoke workshops,
preparation of advice notes, holding a call for evidence on modelling and providing
feedback on the planned approach at regular member meetings at each development
stage. Further information on each group and a list of members is available on the relevant
group websites. Advice provided by both groups is referenced throughout this report and
linked through the PM2.s Targets section on our UK Air webpage®.

Other experts, industry, government and NGOs

Additional experts from outside of these groups also contributed to the target development
through attendance at workshops, bilateral discussions with Defra officials, responding to
the call for evidence and as suppliers of specific pieces of commissioned research and
analysis. These were mainly academics and consultants working on different aspects of air
quality. Key departments such as the Department for Transport (DfT) and the Department
for Business, Energy and Industrial Strategy (BEIS) were represented on the cross-
government Air Quality Targets Board and so were able to provide feedback throughout.
There was also engagement with representatives of local authorities through the Local Air
Quality Advisory Group (LAQAG) and a workshop in relation to how the national targets
could be reflected through the Local Air Quality Management regime. The Devolved
Administrations (DAs) were involved through their representation on AQEG and bilateral
meetings but as air quality is a devolved policy area, these targets are set for England
only. Stakeholders such as non-governmental organisations (NGOs) were engaged at
milestone points through roundtables with officials, often with the Chairs of the expert
groups in attendance to provide additional technical detail.

Iterative engagement has taken place with key umbrella organisations throughout the
target setting process. Engagement will continue until the targets are finalised and set in
legislation, for example, discussions and workshops will continue with local authorities with
respect to the role they will play in helping achieve the targets, as well as wider
stakeholders in relation to the consultation.

The public and small businesses

In addition to the public consultation, throughout January through to April we undertook a
public facing engagement exercise. The aim was to engage with a cross section of the

7 https://uk-air.defra.gov.uk/research/aqeg/
8 Committee on the Medical Effects of Air Pollutants - GOV.UK (www.gov.uk)

9 https://uk-air.defra.gov.uk/library/air-quality-targets
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public and small businesses to gather qualitative evidence on views and attitudes towards
the sorts of policies associated with differing levels of air quality and to understand the
real-life impact that different policy scenarios are likely to have on individuals and small
businesses.

Data was gathered through approximately 13 online discussion groups, engaging with
around 80 individuals. Recruitment has been targeted at members of the general
population who would be unlikely to engage with the formal consultation process, but likely
to be impacted by prospective policy. For example, individuals who burn solid fuels at
home, individuals with health conditions that make them more vulnerable to air pollution,
and individuals with impaired mobility. We have also engaged with small businesses that
are likely to be impacted by prospective air quality policy such as construction firms that
may rely on the use of Non-Road Mobile Machinery (NRMM), mobile businesses/service
providers that rely on a personal transport vehicle (e.g., plumbers, electricians, care
professionals), and small catering firms/restaurants that use cooking appliances which
create PMzs.

This project is intended to provide evidence on stakeholder attitudes to inform the target
setting process. The findings of the focus groups will complement the responses to the
formal consultation, broadening the type of people reached and enabling more in-depth
discussions on these complex issues.

Learning from target setting by others

As part of the scoping stage of target development a review of international target setting
for PM2swas conducted. A number of countries with potentially useful experiences or
approaches in setting PMz s targets or standards were selected as case studies (Australia,
Canada, Norway, US, New Zealand and the EU Air Quality Directive). Defra interviewed
officials and consultants involved in setting the targets to identify any good practice or
recommendations. This exercise was not a comprehensive review of international
practices but aimed to capture relevant learning that could be incorporated as well to
identify any innovative approaches that could be helpful in developing new targets. A brief
summary of the key findings is provided here.

The majority of countries have some form of PM2:s air quality standard or target°, with the
annual mean concentration of PM2.s mass the most common metric employed, followed by
a 24 hour mean concentration of PM2.s mass. Two examples of a population exposure
metric were identified; the Average Exposure Index (AEI) in the EU Air Quality Directive
and a standard still under development in Australia, but where reporting of the metric is
required. There were no alternative metrics being used as standards or targets, although
different indicators such as black carbon measurements may be used to add additional
information.

10 A standard applies currently, whereas a target or objective should be met by a certain date. Sometimes
planned reductions in standards are published several years in advance so effectively become targets.
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The annual mean concentration standards identified in the review varied from 40 ug m-3
(India) to 8 ug m=3 (Australia). Since the 2020 the EU’s annual mean PM2.5 concentration
standard (and the UK’s current standard) is 20 pg m3. Some countries adopted standards
based on existing external guidance (e.g., following WHO guidelines, EU or US
standards), others set standards based on expert and political judgement of what is
acceptable/achievable, and a limited number of countries carried out evidence-based
assessments. It is difficult to compare population exposure targets as in the EU the
percentage reduction depends on the initial concentration and is over different time period
time (the UK’s target was 15% reduction between 2010 and 2020) and in Australia there is
no current target only a reporting requirement.

The legal standing of air quality standards varies considerably, and often standards set are
not met. The EU standards have legal consequences for exceedance, but many national
standards rely on voluntary compliance. Examples of implications of exceedances include
fines (EU only), requirement to produce action plans, additional planning restrictions in
areas where air quality standards are not met (Australia) and financial consequences
where access to funding is reduced for states which exceed standards (US). In most of the
case studies it was the national government that set the standards and regulatory
framework, but the state/province that was responsible for meeting it. However, this
reflects the political structure of the countries.

The approach to developing standards seem broadly similar across the case study
countries, with a national government lead from the environment and/or health ministry but
with the involvement of experts and stakeholders. Some countries set targets based on
agreement of a suitable level, of those carrying out bespoke analysis, the types of analysis
include air quality modelling and impact assessments.

There were some differences in the application of the targets. The majority were assessed
using monitoring, with regulations on the equipment type, location, data capture threshold
etc. of those monitors. Only the EU allowed modelling to be used in assessment. Some
countries excluded exceptional events when assessing compliance for example Australia
excludes the impacts of bush fires on the 24-hour standard.

In conclusion, Defra’s approach to target development is broadly consistent with other
countries, and more evidence based than most. The most appropriate target or standard
very much depends on the local situation, including its natural characteristics such as
geography and events such as bush fires, its political climate and structure, monitoring and
modelling capacity and the main sources of pollutants.

Defining the target metrics

Air quality targets require a standard or level to be achieved and a date when that level
must be met. Appropriate definition of the metric, including how it will be measured and
assessed is important to ensure that the target is both objectively measurable (a key
criteria of the Environment Act 2021 Target Framework) but also that the outcome of
achieving the target meets the policies objectives.
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Whilst expert discussions often highlighted both emerging evidence as well as some areas
where there are evidence gaps, there was consensus amongst experts that the existing
evidence was suitably developed for the setting of targets that were robust with respect to
the likely trajectory for evidence over the next 10-15 years, and that they will be able to
meet the key principles for targets including being unambiguously defined and easily
communicated. Many discussions considered complex options, but it was often the case
that such options were rejected for not being suitably transparent or not being
unambiguously definable or simple enough to communicate. Key aspects of how the
targets will be defined are discussed in this section.

Pollutant type

The focus on PM2s is primarily because evidence indicates that PMzs is the pollutant of
most harm. The Environmental Targets Policy Paper provided more information on the
rationale for a focus on PMzs and the scope of targets proposed to address the challenge
of reducing health harm from exposure to PMzs. Existing standards for other air pollutants
remain in place and are not affected by the new targets.

The UK is already committed to reducing the emissions of PMz.s and precursor gases to
meet legally binding emission ceilings by 2030, but it is important to also have in place
standards that protect directly against health harm. Existing Air Quality Standards
Regulations 2010 set out legally binding standards for a range of pollutants including
PM:s, yet despite those standards not being exceeded, ambient PM2.s generates a
significant burden on the health of the country’s population.

PMz.s (mass) measurements have been routinely made on a national scale since 2009 to
report against existing legislation. There is therefore an established framework for
measurement and historic data to provide a robust basis for trend analysis and a
grounding for assessing progress against new targets.

Additional research-based measurements are also made that support understanding of
particle composition and distribution across the country. With a view to future proofing the
targets we asked for advice from COMEAP regarding whether there was sufficient
evidence to set more refined targets based on components of PM2 (e.g., metals, black
carbon etc) or indeed smaller fractions of PM/alternative metrics (e.g., ultrafine
particles/particle number). COMEAP (Annex H: COMEAP advice on health evidence
relevant to setting PM2.5 targets) advised that although undoubtedly some components
may prove more harmful than others, the evidence currently was clear that a focus on
PM2z5 mass (i.e., the total quantity of PMzs in air) has the most robust associations to
health harm. This and future targets based on specific emission reductions is an area that
could be explored for future targets. Particle composition measurements will continue to be
important to support understanding of the key sources of PMz5, as well as measures to
control them. There was strong support for Defra to consider how any additional
investment in monitoring could also consider improvements to compositional
measurements, to track progress towards targets. Such measurements while not needed
to fulfil the requirements for assessment of the target metrics will undoubtedly support the
further development of evidence around the associations and mechanisms of harm. This is
an important evidence gap in developing more specific component-based assessment or
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targets in future years. Such measurements are also required to support the tracking of
policies and emission trends as part of regular assessment of progress towards meeting
the targets.

COMEAP and AQEG advice also highlighted that it was important to retain existing PM1o
legislation to ensure that there is suitable focus on the coarse fraction of particulate matter.
This has impacts on health beyond that of PM2.s and measurement is needed for the
purposes of assessing the sources of coarse particulates.

There were no further viable options proposed by experts for serious consideration beyond
that of PM25 (mass).

It is proposed that: Both targets will be based on PMzs (mass) and these targets will
complement existing PM1o standards.

Assessment method

It is recognised and experts agreed, that both long-term fixed monitoring and modelling are
important tools in the assessment of targets. Key challenges raised on monitoring related
to measurement uncertainty and differences between types of instruments, particularly as
measurements will need to be made at increasingly lower concentrations that will push the
boundaries on performance of existing methods deployed in the Defra Automatic Urban
and Rural Network (AURN). With respect to modelling, it was felt that there were some
significant and important uncertainties in relation to modelling a complex pollutant such as
PM2s.

There was a strong view amongst experts from early in the target development process,
that assessment of legally binding targets for PM2.s should be based on data from fixed
monitoring alone. This recommendation was made because there is an established
framework for how monitoring is carried out, the performance of instruments is regularly
evaluated, and data is ultimately traceable to international metrological standards. With
respect to models, it was felt that they are less transparent, less traceable and more
subject to changes in inputs and user criteria. There was a clear view from experts that
modelling is a vital tool in estimating concentrations at locations that are not monitored,
and also for making associations between emissions to air and the concentrations we
breathe. They remain critical as tools to help inform policy making as well as for health
impact studies. However, the uncertainties associated with modelling mean it may not be
as robust for demonstrating compliance with a legally binding target when compared to
fixed monitoring, particularly as the assessment will need to consider concentrations at
lower than current compliance assessment at 20 pg m=.

Practical decisions would have to be made to balance both cost and viability of operating a
larger number of monitors but it is not possible to monitor at a sufficient geographic density
to capture a level of resolution comparable to detailed modelling, so a monitoring-only
assessment regime somewhat constrains metrics that are available to us.

Particulate matter (PM2.5 and PM1o) are somewhat unique compared to other air pollutants
as they are pollutants that are defined by the measurement method used to monitor it,
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rather than being pure materials (such as NO2) that may be referenced to absolute
amounts of a specific chemical.

Routine measurements of PMzs in the UK use only instruments that have been
demonstrated to meet suitable performance characteristics relative to the gravimetric
reference method BS EN 12341 (12) and this performance is certified by the Environment
Agency’s Monitoring Certification Scheme (MCERTS). In addition, ongoing assessment of
performance is undertaken to ensure that instruments deployed on the network continue to
meet performance specifications in real world conditions. Whilst indicative measurements
by equipment such as sensors can be helpful, they do not currently meet the requirements
of MCERTS and therefore will not form part of the compliance assessment process with
the new targets. However, they may become more useful as indicative measurements
over time or for assessing the efficacy of specific measures.

As part of this advice, it was clear that both monitoring and modelling are important, and
that Defra should continue to support ongoing research and development to drive
continuous improvement in measurement and modelling technologies to support the
further development of assessment methods and reduce associated uncertainties. Figure
2 shows how both monitoring and modelling will inform this work in the future.

It is proposed that: Assessment will be based on fixed monitoring using standard
methods deployed at site locations on the Defra’s Automatic Urban and Rural
Network (AURN)
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Figure 2: Schematic on how monitoring and modelling will aid
development of assessment methods
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Long and short-term exposure

PMz.s concentrations vary across the country, due to proximity to key sources of pollution
and due to the differential weather across the country. PMzs also varies temporally (by
time of day or by season) due to how sources of emissions vary (i.e., how much fuel is
used to heat our homes in a period of time, for example) or with respect to how those
emissions behave in the atmosphere (i.e., temperature, wind direction, wind speed and
rainfall etc).

Health harm is related to the exposure we experience, and the exposure depends on the
concentrations we encounter through our daily lives. Measurements of pollutants in
ambient air are largely averaged over time periods that are associated to health harm
(e.g., hourly, daily, yearly for example, depending on the pollutant). For example, it is not
possible to assess how short-term fluctuations in a pollutant might be associated to short
term health impacts if we only know how concentrations vary year to year. For PMzs, 24
hours is a useful time averaging associated to short term health impacts, whereas other
pollutants such as SOz, for example, periods as short as 1-hour are used. Annual
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averaging (the average concentration over a calendar year) is a commonly used and
useful metric for assessing trends in long term exposure.

Long-term exposure to PMzs has the largest impact on human health, as it is linked to
multiple health impacts for the general population such as cardiovascular disease,
respiratory illness and cancer. However, for those who are vulnerable due to age or due to
the presence of pre-existing conditions, fluctuations in short term exposure (i.e., changes
over 24 hours) are also associated to impacts such as onset of asthma, for example.

In setting these targets we sought expert advice from COMEAP (Annex B: COMEAP
engagement meeting on the PM2.5 target setting process) and it was clear that whilst
short- and long-term exposure are both important, and inherently linked, focussing targets
on reducing the impacts of long-term exposure is likely to drive the most significant health
benefits. Advice indicated that there was no need for a separate short-term target, as
frequency distributions of daily average concentrations are fairly stable, suggesting that
policies to reduce long-term exposure would also be sufficient to protect against short-term
exposure. It was also considered that short-term harm is better addressed through the
provision of information and public awareness, rather than through targets.

Advice identified that whilst there was not a strong case for short term targets for PM2s, it
was important to have some form of PM standard associated to short term exposure and
recommendations were to retain existing PMio standards for this purpose. However, it is
important to make clear that whilst recommendations for the targets to be based on annual
mean concentrations, measurements of PM2s generally allow for near real time reporting
of information, so fluctuations in PMzs are and will continue to be reported on our UK Air
website for the purposes of informing the public about air pollution, particularly when
concentrations are elevated during short term episodic conditions. Provision of such data
will be included in the review that is being undertaken to improve provision of information
to the public.

Practical considerations are also important. Modelling daily variance is significantly more
demanding than it is for annual mean concentrations, requiring more detailed information
for inputs, such as temporal and seasonal emissions and weather — limiting the number of
scenarios that can be assessed.

Some countries have approached PM:zs targets differently, Australia for example, have
adopted both a 24 hour and an annual average target, but this decision was in part due to
the impact of sporadic bush fires, which is not an issue in England.

It is proposed that:

e The targets will be based on annual mean concentrations (calendar year) to
align to trends in long-term exposure.

e Near real time data will continue to be made accessible to provide information
around short term exposure to PM2s (and other pollutants).
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Metrics

There are additional factors that must be considered, beyond the scientific evidence, when
developing and defining metrics for targets.

Key considerations include:

e Communication — whilst there is some inherent technical complexity as regards air
guality measurement and assessment, where possible, the targets need to be easy
to understand and explain. This ensures a common understanding of what they are
for, how they are assessed and what progress is being made towards achieving
them. This is important for both transparency and credibility.

e Definable in law — these are legally binding targets and therefore the definition
must be clear and not open to misinterpretation.

e Comparison with others — it is important to base targets on existing knowledge
and understanding and where possible be consistent with how information is
presented to allow for comparisons with other targets and pollutants.

A monitoring-only approach (as discussed later) cannot replicate the resolution models
can provide but is a means of assessment of compliance that is based on real world
assessment. This places a greater demand on monitoring undertaken and the resilience of
such measurements; steps will be taken to develop the current network such that it is
suitably representative of both the highest concentrations across the country and
representative of average population exposure (the principles for how these will be
established are discussed further later). Monitoring data is easily communicated, the
measurement regime (such as instrument performance characteristics) can be
appropriately defined and measurements are not subject to changes in methodology.

Modelling allows for a greater diversity of metrics to be calculated and these can be helpful
in both assessing progress as well as assessing the impacts on health. The following
metrics do not constitute an exhaustive list but provide some illustration of the types of
metrics that have been considered in discussions with expert groups and have been used
to some degree in the evidence evaluation. These are largely useful metrics from
modelling-based assessments and can, to varying degrees, be useful as measures of
progress, but will not form part of the assessment of compliance.

Population (number of people) living in locations above a threshold

This was used in the Clean Air Strategy (4) commitment to reduce the number of people
living in locations above the WHO guidelines by half, by 2025. Whilst this is a relatively
simple metric to understand and communicate, it is reliant on modelling and dependent on
the model used. It is therefore not a suitable metric for a legally binding target. This is due
to its binary nature — whereby it is reliant on “counting people” above or below a threshold.
Once concentrations get close to that threshold, the metric can be very sensitive to small
changes in the model or its inputs. It also has issues with respect to changes in
populations over time.
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Area above a threshold

Similar to the above, and whilst it is somewhat attractive to be able to say what proportion
of the country is above or below the target, this metric only considers the area and doesn’t
consider where people live. Again, this metric is reliant on the model used and is binary in
nature so suffers from similar limitations to the population metric.

Accumulative exceedance

This considers populations that exceed the target level and calculates for each person, the
level of exceedance. These exceedances are totalled up for the whole population and
subsequently, as concentrations reduce, the accumulative exceedance would also reduce.
This is a better measure of progress than the binary nature of people exceeding or area
exceeding, as it also considers by how much they exceed. Again though, it is dependent
on the model used and when close to the target will be sensitive to small changes in
assumptions, inputs or model performance.

Population weighted mean concentration (PWMC)

This metric is useful for calculating the average concentration based on residential
population across a region (either nationally or regionally) and is directly related to the
calculations required for health impacts. It is calculated by multiplying each modelled
concentration by the resident population (to weight the value by the representative
population that is exposed to that level), summing all the values and dividing by the total
population (of the region or country — depending on the calculation). This metric requires
modelling in order to calculate it but monitoring in locations representative of population
density can provide an approximation of this metric as discussed later.

Population weighted mean exceedance (PWME)

This is similar to the PWMC in that it requires modelled data and utilises the concentration
and population in each location. It differs in that it simply considers the locations that
exceed a specific level and calculates a population weighted average —i.e., an average of
how much the population exceeds the threshold. This is a useful metric for calculating
progress towards a target and has been used in our interpretation.

As well as the technical limitations listed, more complex metrics can also be too
complicated to be communicated readily and therefore less effective at driving action.
Therefore, it is felt that the absolute concentration is the most important and most
commonly understood metric and allows for direct comparison between measurements
made across the country with the target — meeting our three key principles of being
communicable, legally definable and comparable.

The population exposure reduction target is more challenging to define by monitoring
alone and more detail is provided below. However, the key principle with regards to the
metric is that it will be based on the average of a representative distribution of monitors
across the country, and the metric will be an average of the annual mean levels from those
locations — to provide an indicator of average exposure for the country.
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It is proposed that:

e The metric for the concentration target will be an annual mean concentration
in ug m=2 assessed at individual monitoring sites.

e The metric used for the population exposure reduction target (PERT) will be
based on the annual mean averaged across a representative population of
monitors across the country to provide an indicator of average population
exposure.

Location

The location where targets are assessed is key to how meaningful the targets are. With
an assessment regime based on measurements, assessment can only take place where
monitoring takes place and therefore the locations of monitoring sites need to be suitably
representative. The existing AURN comprises a network of PM2.s monitors (as well as
monitors for other pollutants), and that network will be expanded to support the
assessment of these targets. Modelling will be used as part of the process to determine
suitable locations before such expansion takes place.

Air quality assessment currently takes place at different location types across the country,
and these are described with site terminology such as rural, urban, background, industrial
or roadside'l. Where the assessment takes place will in part determine how difficult it is to
reach the targets, as although PM2.s shows smaller spatial gradients across sites
compared to other pollutants such as NOz2, the highest concentrations will often be
measured at near source locations. Engagement with experts raised several challenges
with regards to assessment of PMzs at near source locations including whether these are
representative of population exposure and whether measurements can be reliably made at
such locations.

Annual Mean Concentration Target (AMCT)

The purpose of the concentration target is to reduce PM2.s concentrations where they are
highest, to reduce exposure disparities and ensure that no one is exposed to excessive
levels. Advice was mixed on the types of site location that should be used to assess this
target. Some experts were of the view that near source measurements were often very
specific to the sources contributing and often only representative of very small geographic
areas or portions of a road (for example) and therefore should not be included. In addition,
whilst some locations may have public access, it may be unlikely that those locations are
representative of long-term exposure at that location, i.e., across a calendar year, unless it
is a residential street. However, others felt that exclusion of near-source sites could allow
for excessive exposure at such locations. The counter argument, that setting a (higher
concentration) target that was achievable in near source locations may mean that the
target would be too easy to achieve in locations away from local sources of pollution.

11 https://uk-air.defra.gov.uk/networks/site-types
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On balance, it was felt that as the concentration target is focussed on reducing
concentrations at hot spot locations, some near source locations should be considered for
inclusion as part of the assessment against the concentration target, provided they are
suitably representative of adjacent exposure levels, are located where there is public
access and are where people are likely to spend a suitable proportion of their time. The
PERT will ensure that any concerns that areas below the target level will not take action or
may worsen should be avoided.

Near source locations present some challenges for modelling future concentrations and
whilst this introduces some risk that concentrations could remain higher in future years
than models indicate, some provision has been made to include a margin of tolerance
when assessing the likely concentrations at near source locations compared to levels
assessed using lower resolution modelling.

It is proposed that:

e The concentration target should apply at all locations that are currently
assessed under Air Quality Standards Regulations 2010, including near
source locations.

e Monitoring cannot take place at all hotspots, so there will be a minimum
requirement for a number of representative measurements to be made at
near-source locations across the country.

e Concentrations modelled to be exceeding the target will inform progress and
policy development as well as informing the evolution of the monitoring
network, but will not be considered an exceedance of the target.

Population Exposure Reduction Target
(PERT)

There was a clear consensus through discussions with experts that near source locations
were not representative of wider population exposure, and whilst a small proportion of the
population could be described as living in such locations, near source locations should not
be included as a measure of wider population exposure. As the PERT will be based on a
representative number of monitoring sites across the country to allow for an average
exposure metric to be calculated, the number of monitors needed in near source locations
would not have a significant influence on the PERT calculation. Advice given by AQEG
was that the PERT should largely be based on monitors located predominantly at urban
background locations and be indirectly population weighted by locating monitors in urban
monitoring locations that are representative of significant proportions of the population
(more detail is given in later).

It is proposed that:

e Measurements for the PERT should be based predominantly on urban
background monitoring and will not include near source locations.
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Spatial resolution

A monitoring only assessment regime is limited to the scope of the monitoring network.
Whilst this is an inherent challenge and cannot aim to replicate the spatial resolution
possible with modelling, plans to increase the number of monitors operational in England
on the AURN will improve its representivity. Details are provided about the principles that
will apply when we look to expand the network. However, the assessment principles for
the two targets are as follows:

It is proposed that:

e Both targets will require a minimum number of monitoring sites and details
will be set out in the statutory instrument which sets the targets in law.

e An assessment will be made of existing monitoring and the need for new
monitoring will be balanced against the need to maintain long term trends
from existing monitoring.

e Any requirement for new sites will consider viable locations that are
representative of higher concentrations in the zone, where there is public
access, meeting the appropriate siting criteria for monitoring sites and where
there is a viable location for a fixed monitor.

Calculation method

There are a number of considerations regarding how the metrics are calculated and much
of this is dependent on the fact that the targets will be based on data from the monitoring
network. More detail is provided on different aspects of this in the monitoring section of
this report, but the key principles are discussed here. In addition, some aspects will
continue to evolve as statutory instruments are developed.

Air quality monitoring is already widely undertaken. Existing regimes are in place to ensure
high levels of data capture and high-quality data so that there is confidence in the targets
and how they are assessed.

Many of the key principles with respect to calculating the metrics are related to the
operational processes associated to real time monitoring of air pollutants and will be
maintained from existing frameworks and guidance. Factors including how the annual
mean is calculated from hourly data captured at each monitoring site, what data capture
limits to apply and what procedures to use for rounding etc will be explored and more
detail provided when targets are set.

There was a strong recommendation to base the PERT metric on multi-year averaging, to
smooth inevitable year-to-year variability arising as a result of weather conditions.
Previous analysis (13) considered the applicability of multi-year rounding and this
approach was generally supported, based on a three-year calendar mean. Multi-year
calculations place greater emphasis on high levels of long-term data capture as monitors
that fall below the threshold may not be used in the calculation.
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In addition, there is a significant challenge with how to calculate change for the PERT over
time if the monitoring network is to be expanded — as the averaging from year-to-year will
not be comparable. This is discussed further later.

An additional area where expert advice was sought was around regionality and this is
discussed in the next section. Detailed discussions with experts also focussed on matters
such as how to address the handling of exceptional events.

It is proposed that:

e Targets will be based on annual (calendar) arithmetic means derived from
hourly data.

e The concentration target will apply at each measurement location, whereas
the PERT will be calculated as an arithmetic mean of a population of monitors
across the country (to be defined).

e Itis advised that data capture limits will apply, as there was little support for
backfilling missing data with modelling or statistical techniques.

e Information with regards to details such as rounding etc will follow as part of
the statutory instrument.

Regional targets

When setting appropriate levels for a target it is important to consider the heterogeneity of
PMz.5 concentrations observed across the country and the reasons for such differences.
For example, setting a target at a level that is achievable in the most challenging regions
of the country, could mean that no action is taken elsewhere.

Fundamental to addressing this issue is the fact that we are setting two targets. The
concentration target will cap concentrations across the country, such that the target level is
not exceeded and driving action in the locations where concentrations are highest;
whereas the population exposure reduction target will drive action in locations that would
otherwise not be required to meet the concentration target alone, but where there are
reducible emissions. Such reductions will contribute to reducing exposure in such locations
by lowering local levels (beyond the concentration target) but also helping to reduce
regional contributions.

Some consideration was given to whether there was scope for regional based targets
either for the concentration target or for the population exposure reduction target.

With respect to the concentration target, advice was clear, that differential levels in
different locations should not be considered. Essentially, allowing certain areas of the
country to have higher levels than other areas is simply not a fair or viable approach.
Therefore, in considering a viable target level for the concentration target, it is important to
consider the achievability at locations where it is most challenging to reach. When
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assessment is made against the concentration target, regionality will still be considered as
existing English zones and agglomerations*? will be maintained.

With respect to the population exposure reduction target, the advice was less clear cut.
For this target it was important to make a distinction between setting a different level to be
achieved (i.e., taking into consideration the reduction potential in a region and setting
different requirements/targets for different areas) or alternatively, having a national target
that can be assessed on a regional basis (to establish the contribution made at a regional
level). There was little support for the former, as it was felt that setting a bespoke level for
a region was not viable, as pollution in different zones could differ significantly; but for the
latter there was a more interest from experts. However, the key to whether regional
assessment was viable, ultimately rests on the constraints with regards to the number of
monitors required to establish a measurement with an appropriate level of uncertainty. As
there is an associated uncertainty with respect to any measurement made, there would
need to be enough measurements in each region when calculating the population
exposure metric to ensure that the change was robust quantified. Clearly, each region will
contribute measurements, but there will be a much higher level of uncertainty associated
to the changes over time for individual measurements made compared to the average
exposure calculated from all representative sites. Despite plans to expand the monitoring
network, the density of monitoring required to assess progress on a regional basis means
regional assessment is therefore not possible.

More generally, it was felt that regional assessment and/or regional targets could in some
ways be counter-productive, as they may promote challenge with respect to transboundary
and regional pollution (blaming neighbouring regions for not meeting targets) and the
inherent issues with respect to modelling contributions and sources would mean that these
assessments would not be objectively measurable.

It is proposed that:

e Regional targets should not be pursued, but strong links will be built to the
Local Authority Quality Management regime through the review of the Air
Quality Strategy.

e Targets will be national and will be assessed across the country and
consideration will be given to spatial representativeness when expanding the
monitoring network.

Transboundary and natural components

Key to setting targets is to consider the measures available to us to control PM2zs such that
levels set can be achieved by the target year. However, a substantial proportion of PMz.s
concentrations in England are from sources not within UK control either because they are
generated from natural sources or because they originate from sources outside the UK
e.g., other countries or international shipping. International cooperation to reduce
transboundary pollution will play an important role in reducing PMz.s and achieving the

12 https://uk-air.defra.gov.uk/air-pollution/
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targets, but it is also a key uncertainty and creates a risk should transboundary impacts
not reduce in line with expectations. Similarly, natural components are largely not
controllable and factors such as climate change may mean such contributions could
change in future years.

Experts were asked whether appropriate methodologies could be envisaged that would
allow for targets to be set that could take account of these uncertainties — as is the case
with current PM2s and PMao standards where the contribution attributable to sea salt can
be subtracted when assessing compliance.

Whilst there is obvious appeal to being able to align targets more closely with the national
actions that are subsequently planned to achieve them, it must be recognised that
evidence indicates that it is the total mass of PM2s that is the most clearly linked metric of
health harm. Although it is likely that natural components are less harmful, currently there
is no means to determine or quantify components of PM2s that are either more or less
harmful. Accepting that key point, it was also felt that whilst modelling can help to assess
the different sources of PM2.s and will support assessment of progress made, there is
currently not a feasible approach to subtract either natural or transboundary contributions
that would be appropriate for assessment of legally binding targets.

Therefore, the expert discussions focussed on how targets can be set despite these
uncertainties and considerations, such that target levels and dates account for both
expected progress but also any unexpected deviations from expectations. As explained in
the modelling section, key sensitivity analysis was carried out that looked at what levels
were achievable under different assumptions with regards to non-UK sources of emissions
and these were used as part of the evidence to inform target levels. In addition,
information was submitted to the call for evidence that looked at the impact of climate
change on PM2s where it was clear that changes in atmospheric circulation, for example,
may have a significant impact on future PMzs. AQEG advised that whilst this is a
significant uncertainty, such effects were extremely complex and it was not something that
could be taken account of in the air quality modelling.

However, whilst the complexities of subtracting specific components was recognised as
challenging for transboundary pollutants and natural sources, there was recognition that
there is an established protocol for subtraction of sea salt that could be retained.

Some countries include a provision to exclude exceptional events from the legal
assessment, for example a fire next to a monitoring site. However, it was considered that
these were more impactful for short-term exposure targets and so provision for these were
not included.

It is proposed that:

e Targets will be set for total PMzs.

e Further consideration will be given to whether existing allowances for the
subtraction of sea salt (from total PM2s mass) will be maintained.

e No provision will be made for handling contributions due to exceptional
events, transboundary pollution or other natural sources of PMzs.
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Target assessment

This section is focussed on how evidence and expert advice has been used to form views
on how the targets will be assessed. It is important that the targets are objectively
measurable but also that there is transparency around how the targets will be assessed
and legally defined.

Assessment overview

Assessment of levels of PM2.s with respect to a legally binding target will be based on
monitored concentrations at representative fixed monitoring locations around the country.
When asked for views, expert groups recommended that assessment of the target and
legal compliance should be based on monitored concentrations at representative locations
across the country.

Key pieces of advice were provided as part of the AQEG technical workshop held on 2
September 2020 (Annex C: Technical workshop on target metrics). This included advice
on:

e Defining and calculating the metrics
e How to measure against the new targets
e How to use the metrics in practice

In addition, information was provided on how to develop the PM2s targets when compared
to the existing target methodologies. The following sections provide further information on
the proposals to monitor against the new targets.

Site classification

Air quality is currently assessed through the deployment of fixed monitoring at a range of
location types across the country alongside modelling. Stations are classified according to
the dominant emission source impacting the monitoring station location. These
classifications provide useful descriptive information for understanding the nature of the
physical and pollution environment surrounding the station. There are three types of
station: industrial, traffic and background, which are combined with a description of the
area type: urban, suburban, or rural to form an overall station classification. These
classifications are required for air pollution assessment for all pollutant types under the Air
Quiality Standards Regulations 2010 and are described on the UK Air website!s.

Whilst locations can be described by key characteristics, it is impossible to define
environment types in suitable detail such that different parts of the country have entirely
comparable monitoring siting — for example a site in London will have different
characteristics to those of a site in Manchester, despite them having similar basic

13 https://uk-air.defra.gov.uk/networks/site-types
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requirements such as both being defined as sited at urban background locations (for
example). However, categorisations remain important to enable comparisons and assess
legal compliance. To continue to compare with previous datasets and assess on-going
long-term trends, it is intended that the current system that defines siting locations will be
maintained. This will also ensure that the monitoring of PM2:s is categorised in the same
manner as other air quality pollutants such as PMaio, nitrogen dioxide (NOz2), sulphur
dioxide (SO2) etc.

It is proposed that:

e The site categorisation for monitoring sites will remain unchanged.

Reporting

For the purposes of air quality assessment, England (along with the rest of the UK) has
been divided into zones and agglomerations for the purposes of air pollution monitoring
reporting since 2001, according to the requirements of the air quality legislation at that
time.

Figure 3: Map of reporting zones and agglomerations
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The eight zones are based on former Government Office boundaries within England from
2001. In addition, there are 23 agglomerations that have been designated as urban areas
which are greater than 250,000 population in size. These designations are useful as they
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allow distinct areas to be assessed separately, recognising the impact of local sources and
environmental conditions. When views were sought, expert groups recommended that the
assessment of the new targets and legal compliance should continue to be reported using
this system to ensure consistent trend analysis and comparability with previous datasets.
There was a consensus view that there was no benefit in changing this system particularly
for PM2.s when this is the current reporting mechanism for all other UK pollutant
assessment.

It is proposed that:

e Assessment including establishing an appropriate level of monitoring will
utilise existing zones and agglomerations for England (as set out in
e Table 1).

Table 1 illustrates how populations in 2019 differed for each zone and agglomeration
across England, illustrating how markedly the populations in each differ.

Table 1. English Zones and Agglomerations

Greater London Urban Area 9,756,479
South East 7,126,547
Eastern 5,720,058
South West 4,673,818
East Midlands 3,740,367
North West & Merseyside 3,604,852
Yorkshire & Humberside 3,231,914
West Midlands 2,845,914
West Midlands Urban Area 2,429,869
Greater Manchester Urban Area 2,214,358
North East 1,556,945
West Yorkshire Urban Area 1,381,404
Tyneside 795,383
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Liverpool Urban Area 784,009
Nottingham Urban Area 638,653
Sheffield Urban Area 612,086
Bristol Urban Area 579,910
Leicester Urban Area 457,557
Brighton/Worthing/Littlehampton 442,595
Portsmouth Urban Area 416184
Bournemouth Urban Area 394,510
Coventry/Bedworth 359,328
Reading/Wokingham Urban Area 319,562
Teesside Urban Area 318,275
Southampton Urban Area 317,338
The Potteries 294,685
Birkenhead Urban Area 290,910
Kingston upon Hull 279,388
Southend Urban Area 256,199
Blackpool Urban Area 230,498
Preston Urban Area 218,750

Air quality information for zones and agglomerations and individual monitoring sites is
made available through the web page UK Air Information Resource (UK AIR) 14 with real-
time data being accessible every hour. Statistics and comparisons to the legislative
standards and objectives is made available through an annual report Air Pollution in the
UK which is published on UK AIR®. Both requirements are currently enshrined within the
Air Quality Standards Regulations 2010 and will be continued. AQEG were supportive that
there should be the same level of public access to data and information for these new

1 UK AIR

15 https://uk-air.defra.gov.uk/library/annualreport/
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targets e.g., for the sake of public transparency, the new sites should be capable of
reporting ‘live’ hourly data’.

It is proposed that:

e Assessment of the two new targets will be included as part of this long-
running series of annual reports which summarise the measurements from
the national air pollution monitoring networks and will maintain access to
real-time data and statistics through UK AIR.

Monitoring equipment

As explained above, PMzs is defined in legislation according to how it is measured and is
described as:

The mass of particulate matter per unit volume of air passing a size-selective inlet
with a 50% cut point efficiency16 at 2.5 um particle aerodynamic diameter. (5)

PM:s is somewhat unique compared to other pollutants in that it is defined by the methods
by which it is measured (in line with international best practice) and there are a number of
different analytical methods that have been developed for this purpose. (10)

Equivalence Framework

A range of PMz s air quality monitoring instruments are currently deployed on the UK
network. In order to ensure that measurements made are reliable and comparable the
instruments deployed on the national network must meet performance criteria defined
within the AQSR 2010 and the CEN standard method for monitoring ambient particulate
matter concentrations EN16450. The Environment Agency (EA) operate a standardisation
programme known as “MCERTSs for Particulate Matter”’ that establishes whether an
instrument type is capable of performing on the network to the appropriate standard. Once
deployed on the network, the EA operate a programme to demonstrate the ongoing
performance of such instruments in the real world - known as “demonstration of ongoing
equivalence” with respect to the reference method. Such systems ensure that monitors
deployed on the network perform to a standard that is consistent, regardless of the
technology behind its operation.

The current requirements are set out in the AQSR 2010 and the reference method for the
sampling and measurement of PMz;5 is that described in EN12341:2014 ‘Ambient Air —
standard gravimetric measurement method for the determination of the PMa1o or

PMz,5 mass concentration of suspended particulate matter’ (12). The gravimetric method,
whilst termed the reference method, has limitations in terms of being operationally

16 As defined in the reference method for the sampling and measurement of PMzs.

17 Certification - MCERTS for UK Particulate Matter - Defra, UK
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intensive but also as it cannot provide near real time data that is so important for public
information about air pollution concentrations.

As highlighted, experts identified the need to undertake robust assessments of uncertainty
with respect to different measurements made on the network with different instruments.
AQEG advised that further research is needed and changes to uncertainty boundaries
may be required, as it is expected that it will be more challenging for instruments to meet
the current performance requirements at lower concentrations. This arises as techniques
approach their limits of detection and changes in the composition of PM2.5 over time may
also occur (Annex G: AQEG advice note on Measurement Uncertainty for PM2.5in the
Context of the UK National Network).

Work is already underway to explore this and will inform the development of an
appropriately updated equivalence programme. In the first instance, a one-year research
project will be instigated to supplement current equivalence assessment at London
Teddington and Manchester Piccadilly. This will be based on the collocation of a reference
method at three urban background locations (using three University ‘Supersites’), three
urban traffic locations and a rural background site. This will provide additional information
on instrument performance to inform evolution of the equivalence programme.

Whilst it is intended to continue with the current approach to establishing a standardisation
regime that allows for deployment of different monitors across the network, there is a need
to factor in suitable flexibility for an updated equivalence programme to be put in place.

It is proposed that:

e The equivalence framework will continue but will be reviewed in the future so
that the programme can be adapted to reflect the performance of the
instruments and expanded uncertainty once assessed with respect to the new
target levels.

Data Objectives

In the past there has been a focus on two primary data objectives to be achieved by
instruments deployed for PM2.s monitoring. These are:

e Data capture of at least 90% (but if maintenance time is taken into account this can
be lowered to at least 85%).
o This means that the instrument must be operational for 90% of the period
over which the concentration is being assessed (i.e. 90% of the year for an
annual mean)?8,

e Expanded uncertainty (Wcm%) of 25% to be achieved within each compliance year
where (Wcm%) is calculated at the limit value.

18 Commission Implementing Decision laying down rules for Directives 2004/107/EC and 2008/50/EC of the
European Parliament and of the Council as regards the reciprocal exchange of information and reporting on
ambient air 2013
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o This means that there is a level of uncertainty allowed which accommodates
the natural measurement fluctuations that can occur when monitoring. This
is + 25% for PM2.5s measurements .

Data capture criteria

It is important to make sure that the dataset being used to assess target compliance is not
under-representing the PM2s at a location through missing records. Experts’ consensus
was for keeping things simple in respect of the management of missing data from
monitoring stations and avoiding complicated data manipulation (such as statistical gap
filling) so that trust in what was reported was not diminished. Compliance with the data
capture objectives for each pollutant at each site, is currently reported in the series of
reports entitled “AURN Annual Technical Report”, available via the Library pages of UK
AIR?, Therefore, the current approach of assessing this will be maintained in line with its
use for the other pollutants.

Previously European guidance (14) has been in place that sets out the implementing
requirements with regards the reciprocal exchange of information and reporting on
ambient air (Decision 2011/850/EU). This sets out the requirements of data reporting
including use of standardised reporting of time and significant numbers and rounding and
where appropriate these will be maintained and defined when these targets are set.

It is proposed that:

e Data objective requirements for data capture, standardised reporting and
rounding will continue to be applied where appropriate and detailed when
these targets are set.

Monitoring locations
Current network monitoring

The AURN is the largest automatic monitoring network in the UK and provides the majority
of the England’s statutory compliance monitoring evidence base (as well as those of the
devolved administrations). The network monitors a range of pollutants for the purpose of
assessment against ambient air quality standards and provides data for public information
purposes in near real time. As of the 1 January 2022, there were 63 sites that monitor
PM:.s which are located across England (with additional sites across the UK as a whole)??.
Table 2 lists how many sites are part of each site classification within England.

19 These have been defined under the Air Quality Standards Regulations 2010, through the European
Commission (EC) Guidance to Demonstration of Equivalence 2010 and also the CEN Standard
EN16450:2017.

20 http://uk-air.defra.gov.uk/library/

21 London Marylebone has been included as a single site although has additional PM2.s capacity.
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Table 2. PM2.s AURN Monitoring Sites according to site classification

37 18 2 4 2

Types of monitoring equipment

The monitors that have been approved by Defra as equivalent for use in the UK and are
part of the AURN are listed on UK AIR?2,

As of the 1 January 2022, the network is mainly served by Met-One BAM1020 and Palas
Fidas 200 monitoring equipment following an update in the network instrument types
between 2017 to 2021. The Met-one BAM1020 is located predominantly in urban traffic
locations and Palas Fidas 200 in urban background locations.

Table 3. PM25s AURN Monitoring Sites according to siting criteria and instrument
type (1 January 2022)

Palas 3 27 2 2 1 35
Fidas 200
Met-one 15 10 0 0 3 28
BAM1020
Total 18 37 2 2 4 63

22 Certification - MCERTS for UK Particulate Matter - Defra, UK
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Minimum requirements for assessing the
targets

To assess the targets in a consistent manner across the country it is important to utilise a
robust approach to monitoring.

With respect to the siting of instruments to assess the concentration target, the key
challenge will be to monitor at locations where concentrations would be expected to be
elevated and where there is relevant public exposure. Whilst monitoring cannot take place
everywhere, a minimum requirement for monitoring will be required and will be defined in
legislation.

Expert advice has recommended that the PERT should be based on a population of
monitors across the country sited at locations that provide appropriate estimates of levels
of PM2s that are representative of average concentrations that the population, as a whole,
will be exposed to in that area. This means a focus on urban background monitoring and
suburban background monitoring together with information on rural background
measurements (although this won'’t be part of the PERT metric). Future work will consider
how the network can be effectively expanded in line with these recommendations.

The calculation of metrics and assessment of the AMCT and the PERT will be undertaken
to at least the same standards as referred to by the AQSR 2010, taking account of any
subsequent changes to guidance or developments in best practice.

Current Air Quality legislation also describes the minimum requirements for PM (PMz.5 and
PM1o) monitoring in each zone and agglomeration. It establishes the minimum number of
sampling points as a joint total for PM1o and PMzs for each air quality zone/ agglomeration
depending on the population numbers in each zone and the previous recorded levels of
particulate matter relative to a defined ‘assessment threshold’. The number of sampling
points required is determined by the AQSR 2010 which refers to Annex V of Directive
2008/50/EC (15) and also includes the following:

e the ratio of PM1o to PM2.s monitoring differs by no more than a factor of two.

e zones/agglomerations above an upper assessment threshold concentration of PM2.s
have at least one urban background station and one traffic-oriented station where
this would not increase the required number of sampling points (i.e., the zone would
otherwise only require a single sampling point)

¢ the network-wide urban background sampling points and traffic-oriented sampling
points differs by no more than a factor of two.

The new targets for PM2.s will require an appropriate increase in PM2.s monitoring across
the country to better assess exposure reduction and potential elevated levels. Therefore,
the minimum requirements for PM2.s monitoring which are already in legislation will still be
relevant but will be built upon such that an increased number of monitors for England can
be accommodated. This expanded network will be more representative of populations and
where ‘hotspots’ of PM:zs are identified.

In the future, it is therefore proposed to proportionally increase the numbers of PMzs
monitoring stations relative to PM1o monitoring sites. Expert advice has strongly supported
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this change to enable an appropriate refocusing of resources onto the needs to improve
PMz2.s monitoring across the country. This advice has also been clear on the importance of
maintaining the existing daily limit value for PM1o and a continued network for assessment,
to ensure that PMio is appropriately measured and controlled. Therefore, minimum
requirements will still protect the current focus on PM1o monitoring whilst enabling the
future expansion of the monitoring network to assess PM2.s against the new targets.

Consideration will be given to the future proportionality of urban background to urban
traffic sites and this will be detailed in the subsequent statutory instrument. This will
continue to enable flexibility to respond to the requirements of both the PERT (to better
assess exposure reduction) and any future elevated levels identified against the AMCT.
The approach for expanding the network is described further in the next section.

Measuring the Annual Mean Concentration Target
(AMCT)

Currently the PM2.s network comprises 63 monitors and over the next three years
(2022/23/24) the network will expand further.

Expert advice highlighted potential concerns with regards to including near-source
locations as part of a concentration target, as it would focus policy and action toward hot-
spot locations possibly at the expense of the wider population; while excluding them would
potentially allow an increase in exposure at such hot-spots in the future. Therefore, the
future expanded PMz.s network will:

e increase the number of locations where the new concentration target will be
monitored to provide a greater spatial distribution.

¢ include additional monitors in hotspots (identified through modelling), predominantly
at urban traffic/near source locations, but ensuring that monitoring follows a degree
of proportionality with respect to the populations within each zone.

e ensure all PM2.s monitoring at all site location classifications are compared to the
new AMCT.

Initial work undertaken to assess the performance of monitors currently deployed on the
network has indicated the need for further comparative performance assessment,
specifically at locations close to sources of pollution, such as busy roads. This work needs
to be undertaken before decisions can be made on further expansion of the monitoring
network - this work will begin during 2022.

It is proposed that:

e The concentration target will have a minimum requirement for representative
measurement and will require any new monitoring to be sited at appropriate
locations where concentrations are likely to be highest and where there is
appropriate public exposure. This will include all monitoring classifications.
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Calculating the Annual Mean Concentration Target
(AMCT)

Based on expert advice, the concentration target will be assessed on a single year annual
mean at each monitoring location (the average level over the calendar year from hourly
readings).

e The AMCT will be met if all PM2.5s AURN monitoring sites do not exceed 10 ug m-3
in 2040.23

e Only monitoring sites with a valid data capture (>85%2* of hourly readings over the
calendar year) will be assessed against the target.

e In 2040 all sites must meet the target of 10 ug m=3. If any site registers an
exceedance of the target (AMCT will be met if all PM2.s AURN monitoring sites do
not exceed 10 ug m-2in 2040), an assessment must be undertaken as to levels
recorded at each monitoring site over the previous four years. The target will be
considered to have been met if all monitoring sites did not exceed 10 ug m= in three
out of the previous four years. Therefore, each monitoring site is considered
separately and assessed as to whether it has met the 10 ug m=3target in three of
the four previous years.

This is to respond to the potential impacts of meteorology and to allow for localised and
transient sources impacting on PMzs at individual monitoring sites. These may be specific
to a particular year e.g., Sahara dust episodes, volcanic eruptions. This target allowance
will also aid in the management, future policy development and regulation of key sources
of pollutants for future years. The proposed AMCT metric is described in Table 4.

23 The rounding rules would apply as set out by Commission Implementing Decision laying down rules for
Directives 2004/107/EC and 2008/50/EC of the European Parliament and of the Council as regards the
reciprocal exchange of information and reporting on ambient air (Decision 2011/850/EU

24 This Data capture of at least 90% (but if maintenance time is taken into account this can be lowered to at
least 85%).
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Table 4. Assessment of Annual Mean Concentration Target

average >10 pug m=3in 2042 then
previous four years of data are
assessed for each site.

Assessment of Annual Mean 2040 2040 — single year

Concentration Target The target will have been met if
all monitoring sites have not
exceeded 10 ug m3,

If individual sites exceed the annual | 2040 2036, 2037, 2038, 2039

> 3
average 10'pg min 2040 then The target will have been met if
previous four years of data are .
. all sites do not exceed 10 pug

assessed for each site. 3
m=in three out of the four
assessment years.

Assessment of Annual Mean 2041 2041 — single year

Concentration Target The target will have been met if
all monitoring sites have not
exceeded 10 ug m3,

If individual sites exceed the annual | 2041 2037, 2038, 2039, 2040

> 3
average 10'pg min 2041 then The target will have been met if
previous four years of data are .
) all sites do not exceed 10 ug

assessed for each site. 3
m=in three out of the four
assessment years.

Assessment of Annual Mean 2042 2042 — single year

Concentration Target The target will have been met if
all monitoring sites have not
exceeded 10 ug m-3,

If individual sites exceed the annual | 2042* 2038, 2039, 2040, 2041

The target will have been met if
all sites do not exceed 10 ug
m-2in three out of the four
assessment years.

*Following this date, subsequent years will be assessed in the same way.
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It is proposed that:

« The AMCT will be assessed based on concentrations at specific locations and
will require that no annual average exceeds the 10 ug m-3target at an
individual site, during and following the target achievement date (2040).

« The AMCT will also be met if all individual sites have an annual average equal
to or less than the target on more than three occasions over the previous four
years should the target be exceeded at that location in the assessment year.

To ensure the robustness of this metric, it is important that only monitoring sites that have
a valid data capture (>85% of hourly readings over the calendar year) will be compared to
the new target. This will avoid monitoring sites that may only have a limited number of data
points in the calculation of an annual average being assessed as compliant.

If the target is not met in 2040 (or subsequent years) the metric will allow the consideration
of data from the previous four years annual average data e.g., 2040 would consider the
annual averages from 2036 — 2039. This dataset would then require all four years data to
be available and have a valid data capture (>85%) for each monitoring site to be included
in this metric.

It is proposed that:

e All monitoring sites will be required to have a valid data capture (>85%) over
the previous four-year period should compliance be assessed to be deemed
compliant, following an exceedance in the assessment year. They will not be
assessed against the target if any years’ data has less than 85% data capture
in any of the previous four-year period.

Monitoring the PERT

There were a wide range of views on how a measurement network could be defined for
assessing the population exposure reduction target (PERT). There was however
acceptance by experts that there was no single ‘right way’ to do this and that some degree
of simplification was required in order to make the regime appropriately representative but
also economically viable.

Key pieces of advice were as follows:

e Consideration should be given to the minimum number of monitors contributing to
the PERT average to account for the inherent uncertainty in the instrument
performance. This is to ensure that the measurement system is able to measure the
expected change in the population exposure metric over time.

e Defra explored the potential minimum number of monitoring stations required to
detect a specified level of change in the PERT over a given time interval. AQEG
advised that ‘It is not possible to determine in advance by how much uncertainty
would be reduced though increasing the number of monitoring locations that
contribute to the PERT. However, a law of diminishing returns surely applies’.
Whilst more monitors will reduce the uncertainty in the PERT measurement and
would also result in greater spatial representativeness, there may be diminishing
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returns from having a PERT network that is the order of 100 monitors and above.
Further work will be required to understand this further.

e Focus should be on measurements at locations that are representative of
population exposure; this will require a significant focus on urban background
monitoring and suburban monitoring if more representative of the zone or
agglomeration population. This is to be representative of where people live and
work. AQEG indicated that ‘it is the totality of network that is representative of
exposure, not any individual node within it’.

e That we should exclude near source environments such as roadside locations from
the PERT calculation as they are not representative of exposure for large
proportions of the population.

e Only monitoring sites with a valid data capture (>85%) 2° of hourly readings over the
calendar year) will be assessed against the target.

It is proposed that:

e The PERT will focus largely on the use of data from a representative network
of monitors predominantly at urban background and suburban locations.

The Air Quality Standards Regulations 2010 sets out the requirements for the minimum
number of urban background stations for the purposes of assessing UK wide population
exposure. Representative measurements of PMz at urban background locations were
defined as requiring one sampling point per million inhabitants, summed over
agglomerations and additional urban areas in excess of 100 000 inhabitants. This is met
by at least 44 UK urban background and suburban sites across the UK (currently 39 being
located within England). The minimum requirements for PMz2.s monitoring which are
already in legislation will still be relevant but will be built upon such that an increased
number of monitors for England can be accommodated.

Funding is already available to implement expansion in urban background monitoring
during 2022/2023. The focus by the end of 2023 will be to:

e Allocate those new sites to utilise (where possible) existing monitoring locations to
ensure benefits of co-location (running costs, evidential value). This will also aid in
the comparison of PM2.s to other pollutants monitored in the same location.

e Ensure that all zones and agglomerations to have at least one monitor that
contributes to the PERT assessment metric.

e Allocate additional monitoring to zones and agglomerations where there are
proportionately larger populations.

It is proposed that:

e During 2022 and 2023 the network of urban background and suburban
monitors will be expanded using the above principles. This will initially

25 This data capture of at least 90% (but if maintenance time is taken into account this can be lowered to at
least 85%).
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expand the current urban background/ suburban network in England from 39
monitors to approx. 57 monitors.

Future funding for the assessment of the PERT will be prioritised by allocating additional
monitoring with the following key principles:

e Ensuring each zone and agglomeration has a minimum number of measurements.

e Ensuring monitoring in zones and agglomerations follows a degree of
proportionality with respect to the populations but have a cap on the number of
monitors needed for the largest population areas.

e Ensuring that within each zone and agglomeration, any new monitoring favours
locations where there is an established monitoring location (where applicable), but
that new sites consider representative measurements to be sited where higher
proportions of the population live.

e Consideration is given to locating a proportion of monitoring in areas of deprivation.

¢ Allocations of new monitoring will also consider the distribution of existing
monitoring within a zone/agglomeration and across adjacent zones/agglomerations
in order to provide a degree of equity to the network locations (i.e., it will not solely
be based on quantifiable criteria such as population).

e Ensuring that each zone and agglomeration is assessed such that dispersed
populations in smaller villages/rural areas that collectively have a larger population
compared to other urban centres and an elevated exposure are considered to
ensure that they are adequately represented.

The aim to increase the number of monitoring sites across the country to enable a larger
network for calculating the PERT has the potential to provide a much-improved dataset,
enabling each zone and agglomeration to be represented and for geographical/spatial
gaps to be filled. There will be greater spatial coverage and this will result in
measurements being included that are more representative of a greater proportion of the
population. All new monitors will also provide near real time data to the public.

It is proposed that:

e The network of urban background and suburban monitors will be expanded
after 2023 using the above principles subject to funding in future years.

Calculating the PERT

The population exposure reduction target will report the change in the average exposure
across the country over time. To ensure that this is a robust metric, experts advised that it
should be based on a three-year calendar mean.

e AQEG recommended that the PERT assessment should be based on ‘a three-year
running mean to reduce the impact of changing meteorology. However, the same
reasoning applies to establishing the base period which is currently proposed to be a
single year (2018). A three-year time-base would be more defensible.’
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Such an approach has been used in previous exposure calculations (e.g. the AQSR 2010
‘average exposure index’) and allows for a more stable assessment period to track
changes to PMzs population exposure. The new metric will be an ‘Enhanced Average
Exposure Indicator Metric’ using an expanded network of urban background and (if more
representative in specific locations) suburban sites.

It is proposed that:

e The PERT will be based on an average of representative measurements
across the country using a minimum number of urban background and
suburban monitoring locations in each zone and agglomeration. The
arithmetic mean PM2s concentration at these sites will be calculated for three
consecutive calendar years with valid data capture and the mean of these
sites calculated as the PERT.

e The PERT will be based on a three-calendar year mean (the average of three
consecutive calendar years). This will be compared to a baseline year (also
calculated as an average of three calendar years).

In order for the PERT to be a robust measure of changes to the levels of PM2.s population
exposure, the metric should not be unduly influenced by the proposed monitoring network
changes. However, restricting the PERT metric calculation to just existing monitoring sites
would mean that any new sites deployed over the coming years to provide greater spatial
representivity, would then not be included in the assessment.

An increased number of monitoring stations by 2040 will mean that the target assessment
in future will be based on a different set of monitoring sites than those operational in the
original base year. Experts advised that consideration should be given to any changes to
the PM2.s monitoring network over the target period to either ensure that either the same
monitor cohort is used when assessing against the PERT or that suitable provision is
made to the metric to recognise a dataset evolving over time.

The following proposal is based on an approach (16) and adapted to enable the phased
introduction of additional monitors onto the network and for the gradual inclusion into the
PERT calculation in a statistically sound manner. The principle of this approach is to only
compare changes in population exposure for sites that were open and operating in
successive assessment years. By comparing the concentrations measured in the first
assessment year and comparing the measurements for the same sites in the second
assessment year, a calculation of population exposure reduction between the two years
can occur. As each assessment year requires data for three consecutive years, this
approach requires that monitors are operational for the full three-year period of the first
year and the full three-year period required to calculate the next year. This means that
sites are included if they have been ‘open/operational’ for a full four-year period. The
cumulative change from one year to the next is summed across the period before
comparison to the base year of 2018 (2016/2017/2018).

Whilst this is inherently more complex than simply including new sites as they come
online, it avoids the exposure changes being due to the inclusion of new sites, that may be
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biased higher or lower than the existing network, rather than arising from a fundamental
change in exposure. The baseline would be calculated as in

Table 5 and the PERT calculation is detailed in Table 6.

Table 5. Calculation of the PERT baseline year

2018 e Annual average calculated for each urban 39
background/suburban site from each hourly reading.

e Mean calculated for 2018 from annual average of existing
urban background/suburban sites*.

¢ Mean calculated over the previous three years annual
average data period e.g., 2016, 2017, 2018).

*subject to minimum data capture requirements.

e For each compliance year an assessment is made as to how many sites were
operating and met the data capture requirements. To ensure consistency of the
approach, it is important that the calculation of the difference between two
compliance years is only assessed at those sites that were operational over both
periods. Otherwise, a different monitoring instrument cohort is being compared to
each other.

e For each assessment year, a mean is calculated from the annual average data over
a three year period (the previous three years data) e.g. for 2022 this would be annual
average data for 2020, 2021 and 2022. Sites would only be included that met
minimum data capture requirements. Therefore, only those sites that were
operational during a full four-year period (covering both compliance years and their
complete three-year data set meeting data capture requirements) are included for
determining the year-on-year reduction (in pg m-=).

e Assessment is then made for 2023 compliance year (2021, 2022 and 2023) using the
sites that were operational/open for both the 2022 and 2023 assessment periods.
The calculation for 2023 is then compared to 2022 for those operational/open sites to
calculate the population exposure reduction between the two years.

e For 2024, you would need to understand the sites that were ‘open’ in all the years
used to calculate both the average in 2023 (2021, 2022 and 2023) and 2024 (2022,
2023 and 2024). Only sites that were operational for all four years (2021 to 2024) are
used in the calculation of a comparison of an annual average for 2024 with 2023 to
calculate the population exposure reduction between the two years.

e The difference in assessment years is recorded and summed.

e The total percentage reduction would be calculated by summing up the population
exposure reductions between years and comparing this against the 2018 baseline.
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Table 6. Table illustration how the PERT will be calculated

5018 Baseline Year
2016, 2017, 2018

2019 2017, 2018, 2019 |Initial reduction Initial reduction compared
calculated in pg m= from to baseline
comparing compliance

year 2019 +/-pg m3

2020 2018, 2019, 2020 |Year 2020 compared to  +/- ug m3
2019

5021 2019, 2020, 2021 Year 2021 compared to  [+/- pg m
2020

2022 2020, 2021, 2022 |Year 2022 compared to  #/- ug m3
2021

2023 2021, 2022, 2023 |Year 2023 compared to  #+/- ug m3
2022

Measuring PM2s as part of the Rural Network

Rural background PM2s concentrations are currently monitored at only two sites in
England as part of the AURN. Measurements at such rural locations contribute to
assessment against the concentration target and are important for understanding the
regional nature of PM2s. They are not however required for representative measurements
of population exposure. Current sites are listed in

Table 7.

Table 7. Current rural monitoring sites in England

e e

UK-AIR ID: UKA00614 The monitoring station is located
approximately 200m SE from the
outskirts of Chilbolton Village, in arable
farmland.

Chilbolton Observatory

UK-AIR ID: UKA00251 The monitoring station is located on the
western boundary of a rural primary
school. The nearest main road is
approximately 80 metres to the east of

Rochester Stoke
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the location. The area is generally open
and rural.

In addition to these rural measurements, there are separate monitoring networks that
record other pollutant levels at rural background locations including some PM
components/composition measurements (Table 8).

Table 8. Monitoring of PM components
Particle Numbers and Concentrations Network

Analysis of PM components, comparative analysis between secondary particles, the PMzs fraction
and particle sizes and numbers.

Acid Gas and Aerosol Network (AGANet)

The network provides a long-term dataset of monthly speciated measurements of acid gases and
aerosols that are used to provide temporal and spatial patterns and trends and compared with
results from dispersion models.

AURN - Ozone monitoring.

Providing high resolution hourly information.

Background concentrations can make a considerable contribution to the overall mass of

PMzs in urban areas, accounting for around 60 to 80% of the background concentrations
in the major urban areas of southern England. In addition, elevated PM2.s concentrations
are frequently associated with air transported into the UK from continental Europe.

Previously, the Air Quality Expert Group (AQEG) (10) recommended that ‘The PM25
monitoring network should be expanded to allow a better quantification of the rural
background’. This was on the basis that there are currently limited measurements to
quantify sources and PMz.s composition in different types of location and in different areas
of the UK. The expansion of the English network would aid in the verification of modelled
background concentrations and also confirm the modelled spatial pattern of rural
background concentrations. However, it was also advised that the rural background
monitoring sites should not form part of the PERT metric as they are not representative of
significant population exposure. Instead, increased monitoring at rural locations would be
beneficial to understand the background concentrations across the country and aid
evaluation of what is driving any overall change. Wherever possible, in expanding the
network, it would be beneficial to use existing sites that have already been established
through the rural ozone and AGANet network to benefit from co-location of measurements
but also operationally with regards to maintenance and upkeep of the monitors.

It is proposed that:

e The rural background monitoring capability will be increased but will not form
part of the PERT metric.
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To increase our understanding of the rural background concentrations of PMzs it is
proposed that there is an iterative evolution of the existing network of monitors. Funding is
already available to implement this step change in rural background monitoring for
2022/2023. The focus in the first phase by end 2023 will be to address the following:

e Ensure all zones (i.e. non-agglomerations) have at least one monitor that quantifies
rural background concentrations.

e Allocation of new sites will utilise (where possible) existing monitoring locations to
ensure benefits of co-location (running costs, evidential value). This will also aid in
the comparison of PM2.s to other pollutants monitored in the same location.

e The network of rural background monitors will be expanded after 2022 using the
above principles subject to funding in future years.

Achievable metric values and timeframe

This section describes the analysis and modelling carried out to better understand the
achievability of different target values and dates. Air quality modelling is a useful tool in
understanding the impact of emissions reductions on pollutant concentrations, however
there are multiple sources of uncertainty both inherent in the modelling of complex
chemical interactions and in the modelling inputs. The results are only indicative of
potential future scenarios, and any single model run should not be taken as absolute
prediction. However, by modelling a range of scenarios it is possible to gain insight into
future reduction potential. In addition to informing target achievability the modelling outputs
are also used in the impact assessment as described later.

Figure 4 the main steps of the analysis undertaken to explore what levels of PM2s
reduction are feasible in future years. While this report refers to “modelling” in a general
sense, the schematic represents a framework for assessment, drawing on the input of a
wide range of expertise, datasets and tools - all of which have complex interactions and
challenges.

At each step there was engagement with relevant experts and stakeholders, and AQEG
was consulted throughout.
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Figure 4: Steps in modelling future PM2.5 concentrations
Sector
information
Scenario
development

Emissions
trajectories
Air quality
modelling
Interpretation

Sector information and scenario development

Future pollutant emissions will be determined by multiple factors, including technological
innovations, changes in industry practices, public behaviour, socioeconomics, and external
factors (for example, the covid pandemic significantly changed behaviours and
subsequently change emissions from key sources such as road transport), all of which are
impossible to predict with any certainty. However, some indication of what future
emissions can be obtained by examining potential changes within different sectors of
society and determining the likely impact on emissions. Defra commissioned a consultancy
to review individual sectors, identifying possible changes which could affect emissions of
PMz.s and precursors. Precursors are pollutants such as nitrogen oxides (NOx), ammonia
(NHs) and sulphur dioxide (SO2) which can react in the atmosphere to form secondary
PMz2s so are also important factors when looking to control PM2.s concentrations.

The consultants reviewed literature, such as sector roadmaps, horizon scanning reports
and academic papers that provided information on technology and practices that may
change in the future. From this they produced a list of what is referred to as “measures”.
These are a mix of technologies, policy interventions, behaviour changes and trends.
These measures do not necessarily directly correspond with a particular potential
government policy, and the scenarios developed should not be considered policy
pathways. They are possible futures for the purposes of mapping out which targets are
feasible and only provide an indication of the types of action and scale of intervention that
would be needed to achieve different concentrations by different dates in the future.

The measures identified in the literature review were discussed with industry experts and
stakeholders through a series of one-to-one interviews and sector workshops.

Table 9 lists the sectors and engagement activities for each.

58



Table 9. Sector information

Agriculture 22 8 29
Aviation 16 6 17
Construction and Non Road 31 7 23
Mobile Machinery (NRMM)

Industry and manufacturing 48 20 42
Domestic and commercial 46 10 15

Combustion

Rail 13 7 See note
Road Traffic Technology 53 23 24
Shipping 29 4 17
Urban Mobility 58 20 16
Grand Total 316 105 183

Note: There was no rail workshop held, as interviews with key stakeholders were
considered sufficient due to the high degree of centralisation within the industry with DfT,
Network Rail, RSSB, RIAGB and RDG representing industry consensus

Interviewees and workshop participants were a mixture of academics and consultants
working in a particular sector, industry practitioners or trade organisations and other
government department analysts. The validity of individual measures, timeframe for
implementation, supporting actions required, barriers, costs and co-benefits were
discussed, along with any additional measures that might have been missed. The list of
measures was then revised to reflect the discussions.

Participants were also requested to provide views on what constituted different levels of
ambition and/or optimism in terms of implementation time and expected uptake. This
information was used to assign the measures to three scenarios, referred to as medium,
high and speculative. Measures included within the medium scenario tended to be proven
technologies with fewer barriers to implementation or more modest changes in behaviour.
The uptake and implementation times assigned to these were those considered more
achievable. In the high scenario additional measures were added and uptake and
implementation times more optimistic. The measures and uptakes within the speculative
scenario were at the boundary of what stakeholders felt was plausible, including
technologies still in development and significant changes in public behaviour. The
scenarios created by these packages of measures were discussed with different teams
within Defra and across other government departments before being finalised. This work
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formed the basis for the scenario measures, although with some modifications made by
the modellers to enable the measures to be modelled and updates to reflect later advice.

Emission trajectories

The measures identified in the sector review were uploaded into bespoke software
developed for Defra called the Scenario Modelling Tool (SMT). The SMT enables the
impact of measures on future emissions to be modelled. The tool works by applying
selected measures to baseline emissions, modifying the relevant pollutant emissions
factors or activity levels by a percentage which can be varied over time.

The baseline emissions used for the target scenarios were the projections produced as
part of the National Atmospheric Emissions Inventory (NAEI) 2018 (17). These are official
statistics produced on behalf the Department for Business, Energy and Industrial Strategy
(BEIS), Department for Environment, Food and Rural Affairs (Defra), the Scottish
Government, the Welsh Government and the Northern Ireland Department of Agriculture,
Environment and Rural
Affairs using agreed
international e The emission factors for diesel cars were updated to
methodologies for the reflect Euro 6 RWE standards

purposes of determining
compliance with
international agreements

Box 1: NAEI 2018 adjustments

e The impact of the new regulations on the sale of small
guantities of wet wood and house coal was included

on emissions reductions e The wood burning emissions are adjusted to reflect

(more information on the updated evidence _

NAE| website26). The e The |mpact of the recent changes to the regulations on
red diesel was included

e The impact of the Medium Combustion Plan Directive
and High NOx generators was included

e The power stations natural gas production was
adjusted to align with updated BEIS projections

e The revision of the Directive on emissions from NRMM
gas oll

e Adjustment was made to reflect BAT conclusions for
Waste Incinerations

emissions projections are
based on data such as
projected energy use,
traffic, GDP, population
growth and takes account
of the impact of legislation
already in place, but not
yet implemented. These
projections were slightly
amended to include the
impact of more recent legislation that has yet to be incorporated into the NAEI projections,
such as the regulations on domestic coal and wet wood, and data updates such as the
amended emissions factors for diesel cars as a result of Euro 6 real world emissions
testing (see Box 1). The NAEI 2018 adjustments are described in more detail in the Impact
Assessment?’.

26 https://naei.beis.gov.uk/

27 https://consult.defra.gov.uk/natural-environment-policy/consultation-on-environmental-targets/
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Emissions projections up to 2030 are made routinely as part of the NAEI programme,
whereas the SMT allows for trajectories up to 2050. In setting long term targets it is
important to be able to consider projections beyond 2030, therefore, our NAEI contractor
was commissioned to extend NAEI projections up to 2050 for this work. In developing a
methodology for this it was clear that data post-2030 was available for some sectors
(transport and energy), but not for other sectors. Where there was not available data,
emissions were conservatively maintained at the 2030 level. A short report on the
approach taken, including an evaluation of the robustness of this approach is linked to in
Annex D: Note on the extension of NAEI 2018 baseline projections.

Figure 5 compares the primary PM2z.s emissions for the target baseline with the unadjusted
NAEI 2018 projections, the short-term reduction due to recently introduced legislation can
be seen patrticularly in the gradient of the target baseline up to 2025. The baseline
adjustments also affect other pollutants such as NOx, although to a lesser extent. As
described in Annex D: Note on the extension of NAEI 2018 baseline projections it is likely
that after 2030 emissions from some sectors will decrease and others increase, but due to
limited information on future emissions after 2030 the baseline flattens from this point
onwards. It is likely this is a cautious approach as it would be expected that drivers other
than the new targets are likely to reduce emissions, for example actions related to net
zero, future UK BAT and National Emissions Ceilings Regulations 2018 (NECR). The
impact of net zero and NECR are explored through additional scenarios as described.

Figure 5: Comparison of unadjusted NAEI 2018 primary PM2.5 emissions trajectory
and adjusted target baseline

Baseline - PM, ¢

Annual PM2.5 emissions in kKT
I

[ ]

2015 2020 2025 2030 2035 2040 2045 2050 2055

Year

Target baseline Unadjusted baseline

The three target scenarios (medium, high and speculative) were modelled in the SMT by
selecting the measures and setting the implementation start date, maximum uptake, date
at which this was reached and uptake profile in line with the scenario being modelled. The
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measures were applied to all the UK?8, with some measures applicable to certain locations
or types of location e.g. only urban traffic, certain types of industry or ports. Although not
all interactions between measures and specifics of measure application can be modelled,
the SMT is sophisticated enough to enable some interaction between measures, for
example maintaining total energy needs when switching fuels. As the baseline is based
on the NAEI, only sectors included in the NAEI are modelled, for example cooking
emissions are not included but a separate sensitivity analysis has been undertaken on
these.

Based on the measures and parameters set for each scenario the SMT produces UK
emissions trajectories for key air pollutants and GHGs for every year up to 2050. The tool
also produced a summary of the accumulated costs of implementing the measures in the
scenario based on estimated unit costs developed in the scenario development expert
engagement work. This cost data was used in the Impact Assessment. Figure 6
summarises the target scenarios modelled and Figure 7 an illustrative screenshot of the
SMT.

28 In practice some measures may vary due to different policies within devolved administrations or local
areas.
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Figure 6: Summary of target scenarios

Target baseline

» Based on existing interventions and policies
 Natural technology turnover

* NAEI 2018 projections with some adjustments to
account for recent legislation and updated data

Based on measures/activity identified by the
sector review

* Implementation of proven technology and limited
behaviour change, typical timescales and uptakes

» Based on measures/activity identified by the
sector review

» Technology considered likely to be implementable
in the future by stakeholders, increased behaviour
change and more rapid timescales

J

Speculative

* Based on measures/activity identified by the
sector review

+ All feasible measures including emerging
technology and significant behaviour change,
optimistic timescales and uptakes

AN

Figure 7: Screenshot of the scenario modelling tool (illustrative)

= b:d Scenario Modelling Tool - Baseline year 2018

Add Scenario

Please complete the form below 1o create a Scenario

° Pollutants
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© secors
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]

PM2.5
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The baseline and speculative scenarios set the boundaries of what is considered likely
future emissions. The baseline provides the conservative view, with emissions unlikely to
be above this and the speculative the optimistic view with emissions unlikely to be below

this. Medium and high provide markers within this boundary, showing the impact of various
types of future changes. The trajectories for primary PM2.s emissions produced by the
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SMT are shown in Figure 8(a). Trajectories for the precursor pollutants were also
produced.

Figure 8: Primary PM2.5 emissions trajectories for target scenarios (a) as produced
in the SMT, and (b) as modelled.
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Note. The SMT trajectory does not include agriculture measures which affect mainly
ammonia and were modelled separately and the emissions as modelled do not include
domestic shipping. These sectors are small primary PM2 5 emitters so do not materially
affect the trajectories.

All scenarios produce significant reductions in PM2.s emissions compared to the baseline,
with the difference between the three becoming greater from 2025 — 2030 onwards. This is
because many of the measures included need a lead time for implementation. The shape
of the curve is determined by the implementation date and uptake profiles for the
measures, for example the step change in the speculative trajectory in 2030 relates to
restrictions of one or more activities coming into force. Agriculture measures, mainly
affecting ammonia, were run in a separate version of the SMT which enabled more
detailed modelling to be undertaken, e.g., consideration of measures by type of livestock.

The most important emissions trajectories in terms of calculating PM2.s concentrations are
those for PM25, NOx, NH3z and SOz and these are outputs of the SMT alongside
greenhouse gas emissions (GHG). Changes in the emissions of GHGs were used when
calculating the co-benefits of the scenarios.

In addition to the total amount of a pollutant released, where emissions take place is very
important for air quality modelling. Emissions from ground sources close to where people
live and work have a greater impact on population exposure close to the emissions source
than emissions away from residential areas and at height (for example, industrial
emissions may be via a 30-metre chimney/stack). This means for example road vehicle
tailpipe emissions have a greater effect on PMz.s concentrations in urban areas than the
same amount of pollution emitted from the stack of a power station outside of town. The
modelling undertaken takes the location of the emissions, the emissions characteristics, as
well as the emissions total into account.

The proportion of emissions from each source differ by location as well as pollutant, with
key differences between urban and rural locations. For example, most of the ammonia
across England is produced by agriculture, but in urban areas ammonia is released
predominantly from waste treatment and disposal. Figure 9 shows the average mix of
sources of PMzs for England and the mix for London, illustrating the differences for a large
urban area. Notable differences are the proportion of PM2.s produced by industrial
combustion (5% in London compared to 18% for England), road transport (25% for London
compared to 13% for England) and domestic combustion (53% in London compared to
45% in England). Note that emissions are taken from NAEI 2018, and there are
uncertainties in estimates in historic emissions, as well as future emissions. As discussed
later, emissions from some sectors such as domestic combustion are more uncertain than
others, and for this reason specific sensitivity analysis has been carried out on these
sectors. Work to improve the accuracy of national emissions estimates is an ongoing part
of Defra’s remit, and methodologies and estimates are continually revised to incorporate
new information. For example, Defra commissioned a report on domestic burning (18)
which suggested less burning is taking place than is included in NAEI 2018, and there is
ongoing work (19) on developing improved emission factors (the amount of emissions
released by unit of activity) for different types of domestic fuel including wet wood which
produces greater emissions. Estimates of wood emissions may therefore differ in future
NAEI updates, which may change the proportions from different sectors.
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Emissions from the NAEI 2018 (Figure 9), the most up to date official estimates at the time
of modelling, shows that the largest sources of PM2.s emissions are domestic combustion
and road transport. In 2018 these two sectors combined are estimated to produce 58% of
England’s PMzs emissions and 78% of London’s emissions. Figure 10 shows how the
sources of the England emissions differ in the 2040 scenarios. The proportion of emissions
from different sources as well as the overall amounts differ by scenario and year,
depending on the measures applied. All the scenarios include measures which tackle
every sector, but as the largest contributing sectors road transport and domestic
combustion emissions have the most reduction. Under the scenarios the proportion of
emissions from road transport and domestic combustion decrease, for example in the high
2040 scenario the sectors produce 44% of England’s emissions and 64% of London’s
emissions. However, they still remain the largest contributing sectors. As above future
emissions projections, even as part of the baseline, are subject to a degree of uncertainty.
It is also worth stating that estimates of London emissions differ in the NAEI compared to
London’s own inventory (the London Atmospheric Emissions Inventory or LAEI).
Sensitivity analysis was undertaken in part to reflect such differences, particularly around
domestic wood burning but also for sources like cooking that are in the LAEI but not
currently in the NAEL.
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Figure 9: Breakdown of 2018 PM2.5 emissions (a) for England and (b) for London
(based on NAEI 2018)

(a) England 2018 sector breakdown of UK PM2.5
emissions
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(b) London 2018 sector breakdown of PM2.5
emissions
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Figure 10: Breakdown of England PM2.5 emissions by sector for 2040 scenarios
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Air quality modelling approach
UK Integrated Assessment Model (UKIAM)

Internationally recognised experts in air quality modelling from the Integrated Assessment
Unit in the Centre for Environmental Policy at Imperial College London (ICL) were
commissioned by Defra to carry out modelling to inform the development of the new PM2.s
targets. ICL have developed the UK Integrated Assessment Model (UKIAM) for Defra over
many years to enable the impacts of different policies on air quality to be modelled. The
model uses emissions data and dispersion modelling to produce pollutant concentrations
by 1 kilometre grid square across the UK. Figure 11Error! Reference source not found.
is an example of UKIAM output and depicts PM2.5 concentration for the 2018 base year
(i.e., based on the NAEI 2018 emissions for the UK). The spatial variation across the
country can be seen, with higher levels in the south east, in part due to higher natural and
transboundary affects, and the peaks in major towns and cities where the majority of
primary UK PMzs is emitted.

Figure 11: Example UKIAM output - modelled PM2.5 concentration for 2018
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Modelling the target scenarios

The main input data for the three target scenarios were UK emissions (based on modified
SMT data), the International Institute for Applied Systems Analysis (IIASA) scenarios?® for
European emissions and the natural PM2s components developed for the Pollution Climate
Modelling (PCM)3°. Unlike the SMT, UKIAM models individual years so 2018 (the base
year), 2025, 2030, 2040 and 2050 were modelled for each scenario and the target
baseline to provide a timeline.

Modifications were made to the SMT data by ICL in order to improve upon it and for it to
be in a form suitable for UKIAM to model air quality concentration changes. For example,
ICL have developed a separate sub-module to UKIAM called BRUTAL, which enables the
spatial variation in road transport emissions to be estimated in more detail than is possible
in the SMT. It uses data on the specific road links within individual grid squares and breaks
vehicle types down into Euro standard sub-types. For shipping too, ICL use more detailed
modelling of emissions using vessel type and location (see their shipping report (20) for
the methodology employed). The UKIAM modelling includes international shipping
emissions as an input, as vessels which transit near to the UK contribute to its air quality
even if they do not call into British ports. Other measures were not included due the
difficulty of applying them compared to their very low impact on emissions. Figure 8(b)
shows the UK PMz2s emissions modelled; this can be compared to the SMT outputs in (a).

Spatial influences

The type of measure affects where it is applied. In practise, some measures would need to
be applied at a national or even international level, whereas others such as traffic or
domestic burning restrictions can be targeted at specific locations. In modelling the main
target scenarios all the measures were applied at a UK level but will affect the emissions
from specific sources based on existing locations and activities. For example, measures
affecting point sources such as power stations or large industry were applied to the
appropriate location, some traffic measures were applied to only urban centres and other
measures such as construction were applied proportionally in relation to population. These
are indicative allocations; in practice a number of different considerations would be taken
into account when determining where measures are applied. This re-emphasises that
these scenarios are developed to consider the degree to which PM2s concentrations can
be reduced and not detailed pathways to deliver such levels.

Another point to note is that in practice some measures are likely to be applied to England
only (i.e. as they relate to devolved policy areas and the new targets are for England only).
As the UK is collectively committed to meeting existing emissions reduction commitments,
it is not realistic to model no emissions reduction measures in the devolved administrations
but for clarity, these scenarios do not constitute devolved administration policies.
See the Impact Assessment for more information on how the individual nations and

29 The International Institute for Applied Systems Analysis (IIASA) developed scenarios to model European
emissions to evaluate progress against international emission reduction commitments. (35)

30 The Pollution Climate Mapping (PCM) model was developed for the reporting of pollutant concentrations
against the EU Directive requirements. See Modelled air quality data - Defra, UK

7