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Quantifying the causes of air pollution to support the development of abatement strategies
A study on selected EU cities in the Danube macro -region concludes that  energy prod uction/industry,

agriculture, residential heating and transportation  are the main sources  of pollution . The long i range transport
of pollutants  from within and outside the EU-28 has a considerable impact in certain cities while in others local
emissions ar e the key to reduc ing urban poll ution . Measures at different policy levels to address the issues

identified are analysed and the cross -policy implications are discussed.
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Executive sum  mary

Policy context

Air quality in the Danube macro -region is a serious problem. Exceedances of P My and

precursor gases, NO , or SO,, have led to infringement procedures in almost all of the EU-
Danube Member States and some of them ha ve been referred toco  urt.
The Danube macro -region encompasses one of Eur opa®ibrs pol |l uti onwhdrhot spot

the development of a strategy to achieve the standards laid down in EU legislation
requires appropriate diagnosis with the most suitable tools.

Several pilot urban ar eas in EU Member States , representing different situations within

this macro -region, were chosen as a case study. A detailed analysis of the causes of
pollution in eight cities (Zagreb, Budapest, Sofia, Vienna, Bucharest, Munich, Prague an d
Bratislava) was then used to identify measures to counter the exceedances of limit
values (Directives 2008/50/EC and 2004/107/EC) and to comply with national emission

ceiling (NEC) obligations (  Directive 2016/2284/EU ).

Key conclusions

Due to the complexity of air polluti on processes coordinated actions should be taken at
different levels . local, regional, national, European and international. To improve the
effectiveness of measures , it is essential to involve all the relevant actors and assess
possible interactions betwe en sectorial policies

At the local level, measures are required to control diffuse emission sources from
domestic heating and traffic . In these sectors the impact of technological measures
(substitution of fleet vehicles and the use of efficient stoves) i s uncertain. Such measures
are likely to be in sufficient to bring emissions to acceptable levels and should, therefore,

be accompanied by structural and behavioural changes . Reducing ammonia
emissions in the agriculture sector would be an efficient way to  abate secondary PM 4
and PM 5.

To reduce the impact of the long -range transport of pollutants in the eastern Danube

macro -region, reinforcing international cooperation with in the framework of the
Convention on Long -range Transboundary Air Pollution (CLRTAP) and the United Nations
Framework Convention on Climate Change ( UNFCCC) would help to advance the
implementation of air quality and climate change policies in non -EU Eastern European
countries

Based on the outcome of this study, better integration of s  ectorial policies ( EUSDR
priority areas ) in the Danube macro -region would improve the effectiveness of the
measures. Since the impact of air pollution is greater in urban areas, where the majority

of the population resides, initiatives like the Partnership on Air Quality in the EU
Urban Agenda, could help to involve relevant actors, access funding and achieve
consensus for future actions. In this context,t he PA6 Task Force on Air Quality could play
a catalysing role for policy implementation.

Main findings

An analysis was carried out to quantify the contribution made by sources to PM,s and the
geographic areas from where the pollution originates. The SHERPA tool developed by the
JRC was used to model PM ,g5 concentrations in the main cities in the Danube ma cro-
region : Bratislava, Budapest, Bucharest, Munich, Prague, Sofia, Vienna and Zagreb . The
information  was then integrated with the outcome of a previous source apportionment

study.

Contribution s by the main emission source s are as follows:

Agriculture accounts for a considerable share of PM, s concentrations in cities : b etween



16 % and 32 % of urban PM ,5 concentrations originates from agricultural activities.

Energy production and industry also play an important role, with contribution s ranging
from 15 % to 30 % of the urban PM ,5 concentrations.

Residential heating makes variable contribut ions throughout the Danube macro -region
ranging from 10 % to 35 %. Finally, t ransport contribut es between 10 % and 25 %
play ing a smaller but substantial role compared tothe other sectors

Reductions in the yearly PM ;5 concentrations by reducing the emissions from different sources
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About one-quarter of the PM 5,5 fraction in Sofia and Zagreb originates from beyond the
EU-28 boundaries oris of nat ural origin. Thus, a ction across a broader a rea is required to
abate concentrations in these cities. On the contrary, reduction s in local emissions could
lead to sizeable improvements in Munich and Vienna  with the main effort s focused on
transport, energy/  industry and residential heating.

Related and future JRC work

This work contributes  to the EUSDR PA6 Task Force on Air Quality (WPK ENVIRONMENT -
3575, project MARREF -348). In addition,  source apport ionment and integrated

assessment toolsto support  air qual ity management are developed and tested  with in the
framework of FAIRMODE (WPK IAM-SUL 2002 , project SUL 705).

Quick guide

b  The number of premature deaths due to air pollution in the EU is ten times higher
than those caused by traffic accidents.

b Directive s 2008/50/EC and 2004/107/EC define limit and target values for
legislated pollutants.

b When air pollution exceed s the established thresholds Member States and local
authorities draft air quality plans to abate pollution levels within a given term.

b In case of non -compliance, an infringement procedure is launched by the
Commission and when the Member State fails to make appropriate commitments
it may be referred to the Court of Justice of the European Union.

b The tools developed by JRC provide valuable  support to designing pollution
abatement strategies at local and regional levels

b The approach adopted in this study could be extended to other macro -regions.



1 Introduction

1.1 The Danube macro -region

The EU Strategy for the Danube Region (EUSDR), launched in 2010 (European
Commission, 2010) and approved by the Council in 2011, encompasses nine EU Member
States: Germany, Austria, the Slovak Republic, the Czech Republic, Hungary, Slovenia,

Croatia, Romania and Bulgaria, and 5 non -EU countries: Serbia, Bosnia and Herzeg ovina,
Montenegro, the Republic of Moldova and Ukraine (Figure 1).

The EUSDR aims at promoting the sustainable development of a macro -region that
counts 115 million inhabitants by tackling key topics that require working across borders

and national interes  ts. The identified key issues are mobility, energy, water, biodiversity,

socio -economic development, education, culture and safety. The strategy is structured in

four pillars:  fiConnecting the region 0, fiProtecting the environment 0, ABuilding prosperity 0
and fStrengthening the region 0 subdivided in 11 priority areas (PA). Environmental
protection of natural resources such as biodiversity, air quality and soil is allocated under

the sixth thematic PA.

Figure 1: Countries and regions that compose the Danube mac ro-region
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The Joint Research Centre (JRC) provides scientific support to the EUSDR both by
supporting decision -makers and other stakeholders to iden tify the policy needs and
actions for the implementation of the strategy and by promoting cooperation across the
scientific communities of the Danube Region. The Scientific Support to the Danube
Strategy initiative  is sub -divided into different flagship cl usters and activities.

The Danube Air Nexus (DAN) is one of the flagship projects of the EUSDR coordinated by
the JRC aiming at protecting human health, ecosystems and climate from the impacts of
atmospheric polluti  on.


http://www.danube-region.eu/about

1.2 Outline of the study

The Danuberegi on encompasses one of the air pol |l ustlsoon

influenced by another one located in southern Poland . Supporting the development of a
strategy to achieve the standards laid down in the EU legislation and the PA6 objectives
require s appropriate diagnosis with t he most suitable tools to support the definition of

the strategies. From the river sources to the outlet, the Danube macro -region spreads
out through countries with different levels of emissions, due to the different kind of
technologies and fuels used and to different levels of implementation of environmental
policies. In addition, within each sub -basin, gradients from rural 1 mountainous areas to

flat populated areas impacted by different type of sources are present.

Particulat e matter (  PM) has been chosen for this study because it impacts on both health
and climate and is the regulated pollutant with the highest number of exceedances in the

area. For a comprehensive  understanding of the PM pollution causes it is also necessary
to assess its precursor gases (NO 5, SO, and NH 3). In order to capture the variability
across the macro -region, some cities in EU Member States were chosen as case  stud ies.

A thorough evaluation of the sources of PM and its precursors  has already been made  for
three of the se cities using source apportionment and Lagrangian models . In the present
study , the SHERPA integrated assessment tool is used to make a detailed analysis of the

causes of pollution in eight EU cities, providing the basis for the identific ation of
measures at the local, regional , European and inter national level to improve urban air
quality .

1.3 Air pollution has serious consequences for health and the
econo my
The concentration of pollutants in the atmosphere is the consequence of emissions f rom

human activities and natural processes and their interaction with the meteorological
variables.

Figure 2 : Understanding the complexity: sources, pollutants and impac ts of air pollution.
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Substances maintaining their chemical composition a fter being emitted in the
atmosphere are referred to as primary pollutants , while pollutants that undergo chemical
transformations are called secondary. In general, primary pollutants are more likely to be
found near their sources. Pollutants transported b y air masses have time to react
(depending on the type of pollutant and the atmospheric conditions ). For that reason,
long -range transport of pollutants is often associated with secondary pollution. Air
pollution sources contribute to varying extent s to se condary aerosol formation: biomass
burning and residential heating, road and off -road traffic, industry, and agriculture.
Inorganic aerosol formation processes ( which lead to production of ammonium nitrate or
ammonium sulphate) are generally better known t han organic aerosols that involve a
large number of partly unknown chemical species.

Atmospheric pollution impact s on different rece ptors ranging from human health and
economic activities (agriculture, materials) to ecosystems (acidification, eutrophicatio n)
and eventually long -term global processes such as those governing climate (Figure 2).

1.3.1 What is the relevance of air pollution for the protection of human
health and the ecosystems?

It is well documented that high levels of atmospheric pollutants have a negative impact
on human health and the environment through ecosystem acidification and
eutrophication (Figure 3, Table 1). Studies reviewed by the World Health Organization
(WHO) provide evidence proving that particulate matter (PM 10, PM35), nitrogen dio xide
(NO,), sulphur dioxide (SO ) and ozone (O 3) cause considerable adverse health impacts
(WHO 2013a, 2013b ).

Figure 3 : Health impacts of air pollution
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Source: EEA, 2013.

PM,s and PM ., affect the respiratory and cardiovascular system of large groups o f the
general population, leading to an increased risk of premature mortality and thus a
reduced life expectancy. O; affects respi ratory and cardiorespiratory mortality. Adverse



effects of O3 on asthma incidence and lung -function growth have also been repo rted.
Short -term exposure has been shown to have adverse effects on all -cause,
cardiovascular and respiratory mortality. Effects o n mortality and morbidity due to NO 2
exposure have been observed even in areas where concentrations were at or below the

curre nt standard values ( European Commission ,2013a; US EPA, 2011 ).

Premature deaths  attribut ed to outdoor air pollution in the United Nations Economic
Commission for Europe (UNECE) region in 2012 (including North America) totalled
576,000. The number of premat ure deaths due to air pollution in the EU is ten times
higher than those caused by traffic accidents. ( Eurostat,
http://ec.europa.eu/transport/road_safety/specialis t/statistics/index_en.htm )

In 2010 ambient  PM air pollution was the ninth cause of disease burden globally while in

Europe and North America was rated between the 11" and 14 ™ cause of death and
disease (Limetal. , 2012) . Such impact of PM pollution has been associated with the high
share (ca. 75 %) of the European urban population exposed to annual PM 10
concentrations that exceed the World Health Organization (WHQO) air quality guideline

concen trations ( WHO, 2006; EEA, 2015a ).

In Eastern Europe, the Cauca  sus and Central Asia (EECCA), there are many areas where
the available monitoring data are insufficient to properly quantify the impact of air
pollution on health (  Maas and Grennfelt, 2016 ).

1.3.2 What are the costs associated with air pollution?

The economic ¢ osts due to premature deaths caused by air pollution in Europe (UNECE

region) have been estimated to be EUR 1,000 billion, while those duetoilln ess caused by
air pollution , add up to EUR 100 billion. For half the UNECE countries, the total health

costs o f air pollution represent more than 10 % of GDP ( WHO, 2015 ).


http://ec.europa.eu/transport/road_safety/specialist/statistics/index_en.htm

Table 1 : Main outdoor air pollution impact categories
Impact category Impact description Market impacts Non-market impacts

Mortality from lung cancer,
cardiovascular and respiratory
diseases due to high concentration:
of PM2.5 and ozone

Premature deaths

Disutility (e.g. pain and

Increased health expenditure . .
P suffering) due to illness

Morbidity from lung cancer,

Health . .
cardiovascular and respiratory
diseases due to high concentration: Changes in labour
of PM2.5 and ozone productivity due to absence
from work for
illness
Agriculture Damages to crop yields due to higf Changes in crop yields

concentrations of ozone

Changes in tourism and leisure due
Tourism, leisure to e.g. reduced visibility, damages
to cultural heritage and health risks

Source: OECD, 2016

In the EU, health -related costs associated with air pollution are expected to decline under
a business -as-usual scenario (baseline proje ction) to EUR 2 007 730 billion in 2030 (2005
prices) ( European Commission , 2013 ). The corresponding economic benefits of the

proposed national emission ceilings of the EU air policy package can be monetised,
corresponding to about EUR 40 1140 billion, with the costs of pollution abatement to
implement the package estimated at EUR 3.4 billion (per year in 2030). The monetised

benefits will therefore be about 12 to 40 times g reater than the costs incurred ( European

Commission , 2013 ).

Cost-benefit analyses of abatement policies show that overall societal benefits in the

medium -long term are higher than the costs for some sectors in the short -term. Certain
positive effects on ec onomy can already be observ ed in the short -term, for example, the
reduct ion in absence from work due to the improvement of the population 0 dealth. In
the long term, environmental policy boosts the economy as a consequence of a more
efficient use of resources (  Bollen et al., 2011; European Commission , 2013 ).

If the existing po licies were to be fully implemented, the number of life -years lost due to
PM in the EU would fall by 40 % between 2005 and 2030. By implementing best available
technologies it would be possible to achieve a further 20 % reduction at an additional
cost of EUR 50 billion, equivalent to 0.3 % of GDP ( Amann, 2014 ).

1.4 The legislative framework

Different levels of legislation on air quality, from international conventions to national
Il aws , including regional or city authorit ineasrd-
region .

or di

nart



The European air quality policy encompasses: the Air Quality Directives (AQD, Directives
2008/50/EC and 2004/107/EC), the National Emission Ceilings Directive (NECD, Directive
2016/2284/EU ) and more specific instruments oriented to particula r pollution sources

such as the Industrial Emissions Directive 2010/75/EU (IED), the Medium Combustion

Plant Directive 2015/2193/EU (MCPD) and directives for specific products e.g. the

Directive on sulphur content of liquid fuels 1999/32/EC, the Directive on the quality of

liquid fuels 2003/17/EC, Commission Regulation (EC) No 692/2008 on Euro 5 and Euro 6

standards of light vehicles and Regulation (EC) No 595/2009 on the Euro VI standard for

heavy duty vehicles.  As regards international agreements , the mos t important in Europe
and the Northern Hemisphere is the Convention on Long -range Transboundary Air
Pollution (CLRTAP) and globally the Framework Convention on Climate Change
(UNFCCC), which, in addition to greenhouse gasses (GHG), covers emissions of cert ain

pollutants. More details about these legislative  instruments are given in Annex 1.
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2 Current status of a

In this chapter the levels and exceedances of PM (PM
precursors (NO , and SO ,) in Europe and in the Danube macro

ir quality

in

the Danube macro

the basis of the data reported to the European Commission and

Environment Agency

At the European level, PM
regul ated by the AQD (Figure 4).

Figure 4 : Maximum levels of PM and NO
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There are PM 1o hotspots in Eastern European countries, parts of Italy and t

the Danube macro
northern area is adjacent to
have fallen
Eastern Europe.

in western European countries

-region the highest levels are observed in the south
the southern Poland

hot spot (Figure 5).
no significant changes are

he Benelux. In
-east while the

While PM levels

0 bserved in

NO, levels are high throughout Europe, particularly in urban areas. The same pattern,

with the highest levels occurring in the main cities , is observed in the Danube macro -
region (Figure 6), where exceedances are more frequent in the western sector ( from
Tyrol to Baden-Wirtte mberg). In addition, NO, shows a general decreasing trend in

certain areas while in others

In 2014, limit values of these two pollutants were exceeded in about two thirds of t

Member States. Thus, the

against 23 of the 28 Member States. In addition,
to the Court of Justice for exceeding the PM

it remains stable at high levels.

he EU

European Commission launched infringement procedures

10 limit value s.
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Figure 5 : PM;p annual me an in Danube Macro -region (outlined in red) in 2013 ; the cities included
in this study are marked with map pins.

gne ® - ¥

f:ra o

Annual mean PM10 [pg/m3] L R S =
5 2y / ---:I 3 . :
Annual Mean ‘ 3 \N}) ngﬁ?zszggo\(j ng,adg«, S o® B%:hare.,t
® <20 % : N > :
@rian
* 20-3 VR §
®  31-40 ’ T,
- Yoo s o0 i
40 - 50
. pI‘e_, Tirana® | T T y Istanbul
¢ = ' ’g B“ AL BAN\K 7 g e, ¥
©  Thessaloniki - OBLlrsa

Source: EEA modified by JRC; http://www.eea.europa.eu/themes/air/interactive/

Figure 6 : NO, annual mean in Dan ube Macro -region (outlined in  red) in 2013 ; the cities included in
this study are marked with map pins
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Figure 7 : PM,5 annual mean in Danube Macro  -region (outlined in red) in 2013

; the cities included
in this study are marked with map pins.
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Figure 8 : SO, annual mean in Danube Macro  -region (outlined in red) in 2013

: the cities included in
this study are  marked with map pins.
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