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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.
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1. Introduction

Climate change and air pollution are both critical environmen-
tal 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 million, 480,000 in Europe only (Lim
et al., 2012). On the other hand, the 5th 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
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climate Change: two sides of the same coin?”. However, even 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.

2. Linkages between air quality and climate change

All anthropogenic activities (e.g. energy production, transpor-
tation, 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

Policy (2016), http://dx.doi.org/10.1016/j.envsci.2016.03.011

Please cite this article in press as: M. Maione, et al., Air quality and climate change: Designing new win-win policies for Europe, Environ. Sci.



mailto:
http://dx.doi.org/10.1016/j.envsci.2016.03.011
http://dx.doi.org/10.1016/j.envsci.2016.03.011
http://dx.doi.org/10.1016/j.envsci.2016.03.011
http://www.sciencedirect.com/science/journal/14629011
www.elsevier.com/locate/envsci

G Model
ENVSCI 1747 No. of Pages 10

2 M. Maione et al./Environmental Science & Policy xxx (2015) XxX—XXX
\““ temperature
%,  change

change in

» PM » + — weather

_G\ patterns

+

increased / changed smog increased premature

emissions

ATMOSPHERIC COMPOSITION

death
+

crop

losses

(air poitution; RF

CHANGE (CO,, CH,, PM, O;)

AEROSOL-
RADIATION EFFECTS (PM)

changed temperature
reflection & change
absorotion
AEROSOL-

CLOUD INTERACTIONS (PM)

changed
weather
patterns

=

S /N

ATMOSPHERE-BIOSPHERE
INTERACTIONS (O, CO., CH PM)

,,,,,,,,,,,,,,,,, co,‘
-
decreased
CO; uptake
» VOC » » — by plants
&8
more CO: increased increased plant ] T%
& higher BVOC O, formation  damage 17
temperature  emissiens crop

losses

ATMOSPHERE-CRYOSPHERE
INTERACTIONS (BC)

greater

-> A+ N, =

k
K = temparature white, snowy darker surfaces, increased C changes to
changed cloud 2, change mountains/glaciers increased snowmelt  temperature hydrological
properties pollution cycle
transport

Fig. 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).

or through atmospheric reactions (short-lived compounds, per-
sisting 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

Table 1

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.

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).

As Fig. 2 clearly shows, policy measures to mitigate air quality
and climate change must necessarily be integrated, since climate-

Residence time, pollutant properties and climate effects of the main atmospheric trace compounds deriving from anthropogenic activities.

Compound Approx. atmospheric

residence time

Pollutant effect(s) on health and/or ecosystems

Climate effects

Carbon dioxide (CO3) 150 years Ocean acidification, affects photosynthesis Long-lived climate-forcer

Methane (CH,4) 8 years Precursor of tropospheric ozone Medium-lived climate-forcer

Ozone (03) 1 month Health and vegetation damages Short-lived climate-forcer

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

Nitrogen oxides (NOx) 1 week Health damages, precursor of tropospheric ozone, ecosystem Precursor of PM nitrate, cooling

acidification, water eutrophication climate

Ammonia (NH3) 1 week Ecosystem acidification, water eutrophication Precursor of PM ammonium,
cooling climate

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

Volatile organic variable Health damages, precursors of tropospheric ozone Precursors of tropospheric ozone

compounds (VOCs)
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