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Abstract

Anthropogenic activities are responsible for the emission of gaseous and particulate pollutants that modify
atmospheric composition. Such changes are, in turn, responsible for the degradation of air quality at the
regional/local scale as well as for changes of climate. Air pollution and climate change are two intimately
connected environmental issues. However, these two environmental challenges are still viewed as separate
issues, which are dealt with by different science communities and within different policy frameworks. Indeed,
many mitigation options offer the possibility to both improve air quality and mitigate climate change but, at
the same time, mitigation options that may provide benefits to one aspect, are worsening the situation in
the other. Therefore, coordinated actions taking into account the air quality-climate linkages are required.
These actions need to be based on strong scientific grounds, as recognised by the European Commission that
in the past few years has promoted consultation processes among the science community, the policy makers
and the relevant stakeholders. Here, the main fields in which such coordinated actions are needed are
examined from a policy perspective.

1. Introduction

Climate change and air pollution are both critical environmental issues that humanity is facing. On the one
hand, air pollution is globally the second leading risk factor for the global burden of diseases, and the
premature deaths due to air pollution are estimated globally as 3.4 millions, 480,000 in Europe only (Lim et
al., 2012). On the other hand, the 5" IPCC Assessment Report has clearly stated that “warming of the climate
system is unequivocal and, since the 1950s, many of the observed changes are unprecedented over decades
to millennia” (IPCC, 2013).

The concept that air pollution and climate change are two environmental issues intimately connected is not
new and a publication of the Swedish Environmental Protection Agency in 2009 (Swedish EPA, 2009) had the
foretelling title “Air pollution and climate Change: two sides of the same coin?”. However, still now, in many
areas of both science and policy, these two environmental challenges are viewed as separate issues, which
are dealt with by different science communities and different policy departments.

A recent overview paper (von Schneidemesser et al., 2015) summarises the many linkages between air
quality and climate change (Fig. 1) and evidences that any policy actions intended to mitigate one of these
two issues must necessarily take into account the feedbacks with the other, to avoid that benefits to one
sector, will worsen the situation in another.
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Figure 1 - An overview of the main categories of air quality and climate change interactions. The most relevant
components are listed in the brackets following the category (Reprinted with permission from von
Schneidemesser et al., 2015).

2. Linkages between air quality and climate change

All anthropogenic activities (e.g. energy production, transportation, industrial processes, agriculture, waste
management) are responsible for the emission of gaseous and particulate pollutants that modify
atmospheric composition. The atmosphere has, on the other hand, a high self-cleansing capacity, and most
pollutants are rapidly removed from the atmosphere by wet and dry deposition or through atmospheric
reactions (short-lived compounds, persisting in the atmosphere for times roughly from a few days to a
month).

The self-cleansing capacity of the atmosphere is much smaller for other less reactive atmospheric compounds
emitted by anthropogenic activities such as carbon dioxide, which remain in the atmosphere for much longer
times (long-lived compounds). Carbon dioxide, the main greenhouse gas (GHG) is not considered an
atmospheric pollutant since it does not affect human health. On the other hand, also some of the traditional
short-lived air pollutants interact with climate. In particular, ozone (Monks et al.,, 2015) and particulate
matter (PM) (Fuzzi et al., 2015) have a strong impact on the Earth radiation balance and thus on climate.

Methane, which has a residence time in the atmosphere of the order of 8 years, lies in an intermediate
situation: is a greenhouse gas but also interacts with the atmospheric oxidant cycle and with air pollution in
general (Monks et al., 2015).

It is therefore not possible to unambiguously separate anthropogenic emissions in two distinct groups:
atmospheric pollutants and climate-forcing species, as evidenced in Table 1. In addition, many of the same
sources emit both climate-forcing species and air pollutants.

Table 1 — Residence time, pollutant properties and climate effects of the main atmospheric trace compounds
derived from anthropogenic activities.



Compound

Approx.
atmospheric
residence time

Pollutant effect(s) on health
and/or ecosystems

Climate effects

Carbon dioxide (CO,) 150 years Ocean acidification, affects | Long-lived climate-forcer
photosynthesis

Methane (CH,) 8 years Precursor of tropospheric | Medium-lived climate-forcer
ozone (see below)

Ozone (O3) 1 month Health and  vegetation | Short-lived climate-forcer
damages

Sulphur dioxide (SO,) 1 week Health damages, ecosystem | Precursor of PM sulphate,
acidification cooling climate

Nitrogen oxides (NOx) 1 week Health damages, precursor | Precursor of PM nitrate,
of tropospheric  ozone, | cooling climate
ecosystem acidification,
water eutrophication

Ammonia (NHs) 1 week Ecosystem acidification, | Precursor of PM ammonium,
water eutrophication, Health | cooling climate
damages

Black carbon (BC) 1 week Health damages Absorbs solar radiation,

warming climate

The anthropogenic activities influence climate both directly, emitting GHGs and PM, and indirectly emitting
short-lived pollutants that are either climate forcing agents themselves or precursors of them. Fig. 2 shows
an evaluation of the radiative forcing for the period 1750-2011 of the main trace compounds derived from
anthropogenic activities (Myhre et al., 2013).
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Figure 2 — Radiative forcing from the main gaseous and particulate compounds emitted to the atmosphere
by anthropogenic activities from the beginning of the industrial revolution. The grey bars refer to positive
forcing (climate warming), the black bars refer to negative forcing (climate cooling). Adapted from (Myhre et
al., 2013).

As Figure 2 clearly shows, policy measures to mitigate air quality and climate change must necessarily be
integrated, since climate-relevant short-lived compounds such as light-absorbing particulate BC, light-
scattering particulate sulphates, nitrates, organics and ozone are at the same time air pollutants affecting
human health and climate-forcing (positive and negative) agents.

Many mitigation options offer the possibility to both improve air quality and mitigate climate change. There
are, however, also mitigation options that may provide benefits to one aspect, while worsening the situation
in the other (win-lose policy options). Coordinated actions that take the air quality-climate change linkages
into account therefore provide the most cost-effective strategies.

A pioneering work aimed at proposing integrated measures to mitigate both air quality and climate warming
is the Report Integrated Assessment of Black Carbon and Tropospheric Ozone (UNEP-WMO, 2011; Shindell et
al., 2012). This effort has prompted the start of the high profile political initiative Climate and Clean Air
Coalition (CCAC, www.ccacoalition.org), aimed at facilitating faster and more efficient progress toward
protecting human health and ecosystems while mitigating near-term climate change.

3. The Policy Framework

At the European level AQ and CC policy frameworks remain separated, with two different Directorates
General (DG), the DG Environment and DG Climate Action, dealing with air quality and climate change,
respectively. Because of the nature (lifetimes) of the compounds involved for the two issues and because of



the different time-horizon, AQ has been dealt through national to local actions, mostly end-of-pipe measures,
whereas international (global) agreements are dealing with climate change (UNFCCC).

3.1 Air Quality

Limit values for the main atmospheric pollutants are given in the European Directive on Ambient Air.
Currently is in force the Directive 2008/50/EC of the European Parliament and of the Council, adopted in June
2008 and reflecting the DG Environment proposal of September 2005. The 2008 Directive resulted from the
merging of the previous Council Directive 96/62/EC on ambient air quality assessment and management with
three Daughter Directives on i) PM, ii) Benzene and Carbon Monoxide and iii) ground based ozone and its
precursor. The 2008 Directive introduced a key and innovative element, i.e. new AQ objectives for fine PM
(PM 2.5) recognised as responsible for significant negative impacts on human health. However, since there
is no identifiable threshold below which PM2.5 would not pose a health risk, the Directive aimed at a general
reduction of concentrations in the urban background, combining this approach with the introduction of limit
values.

With regards to emissions of primary pollutants, these are addressed by the Directive 2001/81/EC of the
European Parliament and of the Council on National Emission Ceilings (NECD) for the following atmospheric
pollutants: ammonia, nitrogen oxides, non-methane VOCs and sulphur dioxide. The aim of the NECD is to
improve the protection of the environment and human health against risks of adverse effects from
acidification, soil eutrophication and ground-level ozone. National ceilings in the Directive are similar to those
originally set by the Gothenburg Protocol (December 1999) to the United Nations Economic Commission for
Europe (UNECE) Convention on Long-Range Transboundary Air Pollution (CLRTAP).

A revision process of the European strategy started in early 2011. Since compliance with existing obligations
on PMjyp and NOy in the Air Quality Directive (2008/50/EC) is still a problem in many Member States, the
Commission have decided not to revise the Directive but rather to focus on a package on measures to reduce
the extent of non-compliance. This package, released in December 2013, includes the proposal for a revised
NECD (COM (2013) 920final). The first stage in revising the NECD is to adopt the revised Gothenburg Protocol
agreed in May 2012 in the CLRTAP within the UNECE. The revised Protocol includes an emission ceiling for
primary PM2.5 and requires reducing source with high proportions of black carbon (BC) in achieving the
PM2.5 ceilings. The revised directive also includes emission reduction obligations for methane, precursor of
longer-term average ozone concentrations and therefore an important short-lived climate pollutant. The
inclusion of climate forcers such as BC, methane and ozone establishes the first legislative link between air
quality issues and global warming.

On 28 October, 2015 the European Parliament voted on the Commission’s proposal to revise the NECD. The
vote did not go as far as the recommendations by the Environment Committee of the Parliament but did
strengthen the Commission’s proposal, firstly by recommending mandatory emission ceilings in 2025 as well
as the original proposal for mandatory ceilings in 2030, and also to require the Commission to produce an
impact assessment and a proposal on mercury. The inclusion of methane proposed by the Commission was
endorsed but enteric methane emissions from cattle were excluded, a conclusion that will ease pressure on
the agricultural sector.

3.2 Climate Change

The United Nations Framework Convention on Climate Change (UNFCCC) is the international treaty (signed
by 196 parties) aimed at stabilising GHG atmospheric concentrations at a level that will prevent dangerous
human interference with the climate system. During the third Conference of Parties (COP-3) held in Kyoto in
1997, a Protocol was adopted opened on Mar 1998 for signature by parties and entered into force in Feb
2005, after having met the clause of being signed by at least 55 Parties accounting in total for at least 55% of
the total carbon dioxide emissions. Within the first phase of the Kyoto Protocol, 37 industrialized countries
and the EC have committed to reducing their emissions of the GHGs included in the Kyoto basket (CO,, CH,,
N,O, HFCs, PFCs and SFs) by an average of 5 % against 1990 levels over the 5-year period 2008-2012. During
the second commitment period (2013 to 2020), Parties committed to reduce GHG emissions by at least 18
percent below 1990 levels. Within the broader global treaties, in 2009 the EU adopted its own climate and
energy package to implement the so-called 20-20-20 targets, corresponding to a 20% reduction of GHG
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emissions compared with 1990 to be achieved by 2020, using a 20 % share of renewables in energy
consumption and obtaining an energy improvement by 20 %. In 2014, the EU endorsed new and more
ambitious targets for 2030, adopted in 2015 and consisting in a 40% cut in GHG emissions compared to 1990
levels, at least a 27% share of renewable energy consumption and at least 27% energy savings compared
with the business-as-usual scenario. Notably, the Kyoto basket does not include important climate forcers,
such as ozone and black carbon that are regulated only under the AQ policy frameworks.

4. Short lived climate pollutants

Among atmospheric components that are involved in both air quality and climate change, ozone and PM play
a keyrole, due to their direct adverse effects on human health and ecosystems and their capability to interact
with the incoming solar radiation and the infra-red radiation emitted by the earth surface.

4.1 Ozone and methane cycles

Tropospheric ozone is an air pollutant with health and ecosystem impacts (Monks et al.,, 2015). Ozone
remains a policy conundrum, even with substantial precursor reductions over Europe (Fowler et al., 2013), it
remains a “persistent menace” (Simpson et al., 2014). Ozone, as distinct from many other GHGs or air
pollutants, is not emitted directly into the atmosphere but is a product of tropospheric chemistry. The overall
budget of tropospheric ozone is a combination of photochemistry, transport in from the stratosphere and
loss at the surface (Monks, 2000). Therefore, ozone’s tropospheric concentration and to some extent spatial
distribution is related to it precursor levels (NOx and VOCs) and there distribution. Much of the challenge
for controlling ozone is that is an intercontinental transboundary issue in that it, and its precursors, can be
transported large distances. Changing background contributions to European ozone levels represents a
substantial future challenge to the attainment of ozone limit values (Derwent et al., 2010).

The role of ozone as a climate forcer is often overlooked within the air quality context and vice versa. Changes
in tropospheric ozone between 1750 and 2010 have generated a global mean radiative forcing (RF) of +0.40
(90% confidence range: 0.20 to 0.60) W m (Myhre et al., 2013). Owing to the aforementioned relationship
to the main sources of ozone’s precursors (NOx, CO, and VOCs) having industrial origins the largest changes
in RF have been in industrialised regions (Stevenson et al., 2013) somewhat tempered by ozone’s other key
precursor, CHs, which is relatively well-mixed owing to its decadal lifetime (Voulgarakis et al., 2013) and
ozone’s inherent lifetime of a few weeks, which allows transport to reduce zonal heterogeneities

The IPCC AR5 (2013) adopted an approach that demonstrated the direct link between the precursors and
the resultant radiative forcing. Interestingly, beyond this there are a number of indirect drivers such as
temperature on precursor emissions, ecosystem feedbacks or the role on methane lifetime (von
Schneidemesser et al., 2015). For example, the concentration and distribution of O3 precursors affect
atmospheric [OH] and therefore the lifetime of methane (Voulgarakis et al., 2013). These additional climate
impacts occur over different timescales, and the net integrated impact on climate of emissions of a particular
ozone precursor are complex to diagnose e.g. Fuglestvedt et al. (2010).

There are strong synergies between air quality emissions reduction and achieving climate benefits in that any
GHG mitigation scenario tends to drive down air pollutant emissions e.g. (Colette et al., 2012). There is
another factor beyond emission reduction that needs to be taken into account, the nature and magnitude of
any so-called “climate penalty” (Rasmussen et al., 2013; Wu et al., 2008). Simplistically, an increase in global
mean temperature could lead to higher tropospheric ozone, eroding benefits of “costly” emission controls.
Many of the questions in respect of climate penalties centre on the treatment of NOx projections that is a
vexed issue e.g. (Kim et al., 2015).

Within the air quality and climate change space, a strong case has been made to that the reduction of ozone
can offer substantive (one-off) benefit in that if methane, a key ozone precursor, is reduced you get “a two
for the price of one” forcer reduction (UNEP/WMO, 2011; Shindell et al., 2012). Shindell et al. (2012) showed
that application of 14 measures targeting methane and black carbon emissions could reduce projected global



mean warming ~0.5°C by 2050 coupled to required CO, reductions, with concomitant health/ecosystem
benefits from reduced air pollution (see Figure 3).
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Figure 3 - Observed and projected temperature changes relative to pre-industrial for a range of future
precursor reduction scenarios (Shindell et al., 2012).




4.2 Particulate matter

Particulate matter is probably the atmospheric component that best exemplifies the air quality-climate
change interaction.

On the one hand, PM can induce adverse health effects at low concentrations possibly without a well-defined
threshold. Recently, Lelieveld et al. (2015) investigated, using a global atmospheric chemistry model, the link
between premature mortality due to PM and seven emission source categories. Their calculated premature
deaths per year worldwide, mostly in Asia, is in line with the WHO (2015) estimates. The Lelieveld et al. (2015)
results suggest that emissions from residential energy use have the largest impact on premature mortality
globally. It is estimated, though, that traffic-related pollution is responsible for a dominant fraction (20%) of
the deaths from PM2.5 in the developed world, while it accounts for only 5% on a global scale. This study
concludes that without taking appropriate measures, by 2050 the contribution of outdoor air pollution to
premature mortality could double.

The mechanisms and different PM types toxicity are a focus of much research. A few epidemiological studies
tried to identify specific chemical components in PM and the adverse health outcomes. Evidence was found
to the effects of heavy metals on cardiovascular mortality and morbidity (Solenkova et al., 2014) Other
studies showed that Cu, K, Zn and Ti in PM2.5 are implicated in different mortality categories, mostly with
cardiovascular deaths. Recently, carbonaceous material (soot, black carbon and organic aerosols) is a focus
of many studies. Since a dominant fraction of fine-PM mass is composed of organic material, it is more
challenging to isolate their health effects through statistical tools typical of epidemiological studies. For
example, it was recently shown that SOA and aerosols from biomass burning are major sources for biological
effects related to oxidative stress. More common toxicological studies focus on laboratory-generated
particles. Humic-like substances, particularly quinones, which are present in SOA, have been shown to lead
to oxidative stress, and therefore possibly to health effects.

To better understand and predict the how PM exposure affects public health and in order to devise better
tools for improving air quality, several needs have been identified: (i) it is advised to focus on multi-pollutants
perspective that should integrate PM sources, their chemical and physical properties and synergistic
interactions with gas pollutants, (ii) to establish a fundamental understanding of the underlying mechanisms
responsible for PM health effects (including low level, long term exposure), (iii) to improve the methods to
obtain exposure estimates using various new sensor technologies, remote sensing (such as the Spartan
network), and models, and (iv) promoting an interdisciplinary scientific research approach that integrates
atmospheric chemistry, exposure science, new models that predict correctly aerosol composition and
number distribution, toxicology, epidemiology and statistics.

On the other hand, PM impacts with climate by scattering and absorbing shortwave and longwave radiation.
The climatic effect due to aerosol-radiation interactions (ari) is known as the aerosol direct effect (Isaksen et
al., 2009; Haywood and Boucher, 2014) Rapid adjustments to the radiative forcing (RF) by aerosol-radiation
interactions are termed by the IPCC 5™ assessment report (AR5) RFari, and are also known as “the aerosol
direct effect” (Figure 4) (Boucher et al., 2013).
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Figure 4 - Overview of interactions between aerosols and solar radiation and their impact on climate. The left
panels show the instantaneous radiative effects of aerosols, while the right panels show their overall impact
after the climate system has responded to their radiative effects (from Boucher et al., 2013).

Aerosols can also change the properties of clouds by affecting cloud microphysics (Figure 5) (Altaratz et al.,
2014). The first aerosol indirect effect, is known as the cloud albedo effect (Lohmann et al. 2005; Mishra, et
al., 2014; Davidi, et al., 2012). Aerosol can also affect clouds by “the semi-direct effect” where absorption of
radiation be the aerosols modifies the atmospheric temperature profile (Koch et al., 2014). Aerosols may also
affect cloud properties through absorption by inclusions of absorbing aerosols between droplets or
immersed in the droplets (Jacobson, 2012; Stier et al., 2007). The IPCC AR5 calls these rapid adjustments of
the aerosol-cloud interactions RFaci.
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Another aerosol effect on climate is through BC and mineral dust particles deposited on snow and ice surfaces
and enhance positive radiative forcing and accelerate melting of glaciers and ice caps (Bond et al., 2013;
Hansen and Nazarenko, 2004; Ramanathan and Carmichael, 2008).” Finally, aerosol deposition to various
marine and terrestrial ecosystems, followed by nutrients dissolution may enable various biogeochemical
processes that can further affect climate (Mahowald, 2001; Ben-Ami, et al., 2010)

Uncertainty in the magnitude of the aerosol cooling leads to large uncertainties in projections of future
climate change (Fiore et al., 2012; Nazarenko, et al., 2015; Shindell, 2015). Removal of this cooling influence
due to air pollution abatement policies is underway. In fact, emission control policies are currently being
enforced worldwide to improve air quality and to protect human health. The "WHO Air Quality Guidelines"
report estimates that reducing annual average PM10 levels from around 70 pg/m3 to 20 pug/m3 could reduce
air pollution-related deaths by around 15% in many developing areas. However, even in the developed
countries, it is expected that average life expectancy would increase by about 9 months by decreasing PM
exposures from human sources.

The air quality policies are therefore expected to enhance future warming (Arnethet al., 2009; Ramanathan
and Feng, 2009), and this clearly calls for the integration of air quality and climate policies.

5. Integrated assessment of AQ and CC

The development of Integrated Assessment Modelling (IAM) techniques and their application to the problem
of inter-country exchange of pollutants in Europe in the 1980s and 1990s provided a quantitative approach
to assess cost effective options for a range of control measures (Altman et al., 1997). Since the early days of
IAM development, there has been very extensive development of the underlying sensitivity of ecosystems
to pollutant deposition, in large part using Critical Loads methods, to enable effects-based IAM to be applied
over regional scales. Such approaches have proved much more widely acceptable to policy makers than
arbitrary reduction targets. The IAM methodology provided the policy makers in Europe with an effective
numerical tool to develop cost effective controls for Acid Deposition, and has been extended to ground level
ozone, eutrophication (by nitrogen compounds) and heavy metals, supporting the development of UNECE
protocols and emission ceilings for the countries of Europe (Amann, 2001).

[llustrating, in two dimensions the full range of the multi-dimensional space explored within integrated
assessment modelling is difficult, but an essential component of the process includes an assessment of the
Benefit-Cost ratio versus the scale of emission reductions achieved (abatement cost curves) to reduce
emissions of individual pollutants, as illustrated for NO; and NHs in Figure 6. In this case the ratio of marginal
benefits of emission reductions over costs of mitigation measures for nitrogen measures in Europe illustrate
the much larger costs of NO; controls, than NHs as a consequence of the extensive measures taken for NO;
to date relative to the largely uncontrolled emissions of NHs. Applying these relationships along with source-
receptor gridded data for each of the pollutants allows the most cost effective pollutant reduction strategies
to be identified, and presented to policy makers and their political superiors as part of the negotiation
process.
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Inintegrated assessment modelling activities, the focus has shifted from a predominantly air pollution effects
driven approach in the early stages (e.g. regarding the assessment of policy options to reduce sulphur dioxide
emissions in order to combat acidification, towards identifying and quantifying the co-benefits (as well as
potential unintended consequences) of combined air pollution and climate change mitigation strategies.
Initially, IAMs addressing single pollutant issues typically utilised abatement cost curves for individual
pollutants. However, with increasing understanding of the complexity of multi-pollutant multi-effect
assessments, measure-based approaches accounting for emissions of air pollutants and greenhouse gases
emerged (Reis et al., 2005).

A comprehensive integrated assessment of both air quality and climate change is vital to avoid potential
trade-offs (Zusman et al., 2013), for instance where increased utilisation of biomass for residential heating
may be effective in reducing the carbon footprint, but in turn contributes to local emissions of PM and thus
adverse health effects in residential areas. In a similar fashion, the promotion of diesel vehicles through tax
subsidies may have delivered moderate reductions in CO, emissions, at the cost of increased emissions of
NO; and PM in urban areas and premature mortality for many urban dwellers.

Current IAMs focus on the assessment of mitigation options, their associated costs in relation to the
effectiveness of achieving reduction targets (Tollefsen et al., 2009), respectively compared to benefits (often
as avoided damage costs) realised. Near-term climate change and short-lived climate forcers are mainly
investigated (Anenberg et al., 2012; Stohl et al., 2015) due to their explicit links to public health effects,
however, the longer term effects of methane and CO, continue to be of relevance (Rogelj et al., 2014). A
specific challenge emerges from the need to quantitatively assess and compare the benefits from air
pollution control and climate change mitigation in a common framework, partly due to differences in spatial
and temporal scales, but as well due to the different economic actors bearing mitigation costs and realising
benefits. These quantitative assessments are based on a range of approaches to translate benefits into
monetary values to make them directly comparable to mitigation (or damage) costs, or other sustainability
objectives (Urge-Vorsatz et al., 2014; Schucht et la., 2015; von Stechow et al., 2015).

A crucial aspect of evidence presented by IAMs is that due to the complexity of the challenge to mitigate
multiple effects with clear spatial and temporal patterns, communication of results requires a robust science-
policy interface (Reis et al., 2012). While at an early stage strategies to reduce SO, emissions could be related
comparatively easily to improvements in acid deposition and thus benefits in improved forest health on a
European scale, presenting today’s challenges and the costs and benefits of different options are less
straightforward. In the case of short-term vs. long-term climate forcing and their relationship to air quality,
some pollutants have a marked contribution to both (e.g. black carbon), whereas others predominantly

12



contribute to one aspect only. In a similar way, challenges differ with regard to time scales (air quality effects
are immediate and short-term, while CO, or methane have long-term implications) and the type of effects
(e.g. human health effects and warming of black carbon vs. the health, ecosystem and crop impacts of
reactive nitrogen with potential (small) net cooling effect.

Several European research projects have addressed the complex challenges faced by integrated assessment
modelling approaches in recent years: The INTARESE Integrated Project focused on investigating
environmental health aspects not as stand-alone issues, but as a consequence of interdependent decisions
and events which affect human health in many different ways. In addition, the interactions between
pollutants, sources and mitigation options was taken into account. In parallel, the HEIMTSA Integrated
Project had the aim to develop a new methodology for evaluating the effects of policy scenarios and quantify
both environmental and health impacts. As a key output of both projects, an on-line Integrated
Environmental Health Impact Assessment System (IEHIAS?) has been developed. TRANSPHORM specifically
investigated integrated methodologies for assessing particulate matter pollution from transport activities
and related health impacts, while the SEFIRA Coordination Action focused on the socio-economic
implications of responding to air pollution policies. Most recently, the Appraisal project aimed at a
comparative assessment of various methodologies used within European Member States for the integrated
assessment of air pollution control strategies. While publications from these research projects are now
emerging, their legacy can be seen in bridging existing discipline and domain gaps, integrating researchers
and expertise from environmental and health sciences, air pollution and climate change, social and natural
sciences and policy.

Finally, the mid- to long-term impacts of emission control strategies require IAM to be conducted over longer
time scales, as for instance gradual reduction of NO, emissions in urban areas may lead to increases in ground
level ozone in hence increases in population exposure for some time, until precursor emissions have been
reduced beyond a certain level. To account for this, as well as the long-term aspects of climate change (e.g.
Remais et al., 2014), IAMs need to incorporate pathways towards air quality and climate change objectives
as much as modelling the ultimate objectives robustly. While the development of IAM methodologies has
had its core in Europe, the relevance of taking into account the direct effects and co-benefits of integrated
air pollution and climate change mitigation strategies are highly relevant for other world regions (e.g. Dong
et al., 2015; Matus et al., 2008; Li et al., 2011; Liu et al., 2013; Mittal et al., 2015)

6. Policy horizon

Air quality policy in Europe is at an interesting stage. The European Commission’s Clean Air package,
published in December 2013 is currently setting the framework for policy actions but there are further
developments that are also likely to have an influence on policy in the coming decade. These developments
concern emissions — with some relevance to air quality and climate impacts, ambient air quality and the
health impacts of air pollution, and these will be addressed in turn.

The Clean Air package contained a proposal to revise the National Emissions Ceilings Directive (NECD) which
went beyond the revised UNECE CLRTAP Gothenburg Protocol in some important areas concerning the co-
benefits for air quality and climate change. The emission ceilings proposed by the Commission extend the
time horizon beyond the 2020 date set in the Gothenburg Protocol to 2025 and 2030, and added two new
pollutants. Following the lead of the Gothenburg Protocol the proposal set emission ceilings for primary
emissions of PM5 s, with a requirement similar to that in the Gothenburg Protocol, which in achieving these
ceilings MSs should give priority to reducing emissions from sources with relatively high proportions of black
carbon. The other pollutant included in the proposal was methane, an important source of global
tropospheric ozone as well as a powerful greenhouse gas in its own rite. The proposal also tightened the
overall emission reductions from the EU Member States, with proposed reductions of 81%, 69% and 51% for
S0O,, NOy and PM; s respectively, relative to a 2005 base, but only a 27% reduction for ammonia.

Lhttp://www.integrated-assessment.eu/
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This highlights a major challenge for future European air quality policy in that ammonia emissions, and those
of other pollutants such as methane, from agriculture have not been reduced by anything like the same
amount as emissions from other industrial sectors. Ammonia reacts to form important components of PM3s
and reducing ammonia emissions can have a significant effect on ambient PM;s levels. The proposed
emission reduction for ammonia is significantly smaller than those proposed for other pollutants but
compared with the figure of 6% reduction by 2020 in the Gothenburg Protocol (also on a 2005 base) it is
definitely ambitious.

A further measure which is crucial to the optimal development of measures to benefit both air quality and
climate change is the Eco Design Directive and its implementing regulations, particularly those for solid fuel
boilers given the increased use of biomass in small scale appliances (Commission Regulation, 2015). There is
a need for more research on real-world emissions of biomass burning appliances to assess the potential
impact of the likely increase in biomass burning in urban areas in Europe, and to assess whether or not the
emission limits in the Eco Design Directive offer adequate protection for human health.

The European Commission’s Clean Air Package was notable for its approach to the Ambient Air Quality
Directive (2008/50/EC) where the decision was made to pursue implementation of the current version of the
Directive rather than revise the text. The Commission proposed to keep the Directive under review,
effectively until the revised NECD was agreed. In the meantime, there have been important developments in
the science around the health effects of air pollution, which will be very relevant to a revision of the Ambient
Air Directive. The World Health Organisation (WHO) review of the health effects of air pollution, REVIHAAP
(WHO, 2013a), concluded that the evidence for adverse effects from PMjo and PM,.s was now even stronger
than previously and that there was a case for reviewing the existing air quality guidelines. The review
concluded that while it was not possible to isolate any component(s) of the PM mix as being responsible for
the health effects, it recommended that it would be advantageous to develop an additional air quality
guideline to capture the effects of road vehicle PM emissions not adequately captured by PM,s, building on
the work on black carbon (Janssen et al 2012) and evidence on other pollutants in vehicle emissions.

REVIHAAP also made some important points on the health effects of NO,. Previous editions of the WHO
Guidelines had noted the fact that epidemiological studies found it difficult to isolate an effect of NO; alone,
largely due to the close correlation with other traffic emissions, notably PM. The REVIHAAP review concluded
that there were now many studies, not previously considered, or published since 2004, which have
documented associations between day-to-day variations in NO, concentration and variations in mortality,
hospital admissions, and respiratory symptoms. Also, more studies have now shown associations between
long-term exposure to NO; and mortality and morbidity. Both short- and long-term studies have found these
associations with adverse effects at concentrations that were at or below the current EU limit values.
Chamber and toxicological evidence provides some mechanistic support for a causal interpretation of the
respiratory effects. Hence, WHO concluded that the results of these new studies provide support for updating
the 2005 WHO air quality guidelines (WHO Regional Office for Europe, 2006) for NO,, to give: (a) an
epidemiologically based short-term guideline value; and (b) an annual average guideline value based on the
newly accumulated evidence. In both instances, this could result in lower guideline values.

These conclusions advance the understanding of the health effects of NO, considerably and add much
support to the case that the non-compliance issue faced by many Member States is also a significant public
health problem. This is further supported by the recommendations by WHO in the companion review to
REVIHAAP known as HRAPIE (WHO, 2013b) which recommended the use of a relative risk coefficient of 1.055
per 10ug/m3 of NO, concentration for long-term exposure related to cardiovascular mortality.

These recent findings regarding the health effects of NO, will not only influence any revision of the Ambient
Air Quality Directive but they give added pressure and urgency to the work within the European Commission
in defining and promulgating a new regulatory test for real-world emissions from diesel cars. This pressure
will also be amplified by the recent revelations of the use of ‘defeat devices’ by the Volkswagen company in
some of its recent diesel car models.

Also Climate policy is at a crucial stage. The 21 Conference of Parties in Paris in December 2015 offers an
opportunity for a world-wide agreement on emission reductions, but at this stage it is difficult to predict an
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outcome. Notwithstanding the final agreement or commitments to reductions in GHG emissions, the
methods and pathways to achieving the reductions will be as important as the commitments themselves if
adverse effects on air quality and public health are to be avoided, and potential co-benefits are maximised.
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