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Abstract
The Directive 2008/50/EC on ambient air quality and cleaner air for Europe1 provides
Member States with the possibility to subtract the contribution of natural sources under
certain conditions before comparing the ambient air pollutant concentrations to the limit
values.
This staff working paper aims to give guidance on which sources can be regarded as natural in
this context and on methods to quantify and subtract the contribution of these sources.
Six key principles are set out, which the Commission intends to apply when evaluating
Member States attributions of exceedances to natural sources:
(1)

the contributions must not be caused by direct or indirect human activities;

(2)

the quantification of the natural contribution must be sufficiently precise;

(3)

the quantification of the natural contribution must be consistent with the
averaging period of the limit value;

(4)

the quantification of the natural sources must be spatially attributed;

(5)

the contributions must be demonstrated based on a systematic assessment
process;

(6)

the quantification of the natural sources must be demonstrated for each
pollutant separately.

A non-exhaustive list of sources for which contributions can be eligible for subtraction is
explicitly covered in the guidance:
• Transport of natural particles from dry regions
• Sea spray
• Volcanic eruptions & seismic activities
• Wild-land fires.
A second non-exhaustive list of sources describes sources that the Commission does not
consider to be eligible for subtraction:
• Primary Biological Aerosol Particles
• Secondary Organic Biogenic Aerosols.
Although atmospheric re-suspension of particles with natural origin is explicitly identified in
the definition of the contributions from natural sources in the Directive 2008/50/EC and is
therefore eligible for subtraction, it was not possible so far to identify a method to estimate its
contribution quantitatively. For the four other eligible source groups listed, methodologies for
1
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identifying and quantifying the contributions that can be subtracted from measured
concentrations are described and discussed.
Note: The possibility to subtract natural contributions before comparing the ambient air
pollutant concentrations with the limit values does not mean that pollutants of natural origin
are not adversely affecting health. Member States should therefore always consider all
appropriate action to eliminate or reduce excessive exposure to air pollutants.
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1.
1.1.

INTRODUCTION
General

When concentrations of regulated pollutants exceed the air quality limit values set in the EU
ambient air quality legislation, the exceedance may be partly caused by natural sources, in
particular in the case of particulate matter and sulphur dioxide. The Directive 2008/50/EC
gives the possibility to provide evidence that the exceedances are attributable to natural
sources. In this case, the exceedances are not considered as such for the purpose of complying
with the relevant provision of the Directive.
1.2.

Legal provisions

The rationale behind the possibility to subtract natural contributions is provided by Recital 15
of Directive 2008/50/EC: 'Contributions from natural sources can be assessed but cannot be
controlled. Therefore, where natural contributions to pollutants in ambient air can be
determined with sufficient certainty, and where exceedances are due in whole or in part to
these natural contributions, these may, under the conditions laid down in this Directive, be
subtracted when assessing compliance with air quality limit values.'2
Article 2 of Directive 2008/50/EC defines contributions from natural sources as 'emissions of
pollutants not caused directly or indirectly by human activities, including natural events such
as volcanic eruptions, seismic activities, geothermal activities, wild-land fires, high-wind
events, sea sprays or the atmospheric re-suspension or transport of natural particles from dry
regions'.
The legal basis for subtracting contributions from natural sources is set out in Article 20 of
Directive 2008/50/EC which states:
"Member States shall transmit to the Commission, for a given year, lists of zones and
agglomerations where exceedances of limit values for a given pollutant are attributable to
natural sources. Member States shall provide information on concentrations and sources and
the evidence demonstrating that the exceedances are attributable to natural sources.
Where the Commission has been informed of an exceedance attributable to natural sources in
accordance with paragraph 1, that exceedance shall not be considered as an exceedance for
the purposes of this Directive.

2
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In previous air quality legislation, a similar, though more limited provision was given, with a focus on
natural events. Article 5(4) of Directive 1999/30/EC relating to limit values for sulphur dioxide,
nitrogen dioxide and oxides of nitrogen, particulate matter and lead in ambient air provided a derogation
accompanied by the obligation to implement an action plan in cases in which a limit value for PM10 was
exceeded owing to concentrations of PM10 in ambient air due to natural events. In these cases Member
States had to 'provide the necessary justification to demonstrate that such exceedances are due to
natural events'. Article 2 of Directive 1999/30/EC defined natural events as 'volcanic eruptions, seismic
activities geothermal activities, wild-land fires, high-wind events or the atmospheric re-suspension or
transport of natural particles from dry regions'. The 'guidance on PM10 monitoring and
intercomparisons
with
the
reference
methods',
available
on
http://ec.europa.eu/environment/air/quality/legislation/assessment.htm, also covered the assessment of
natural events. General interpretation of a natural event has been something occurring for a time-limited
period, such as Sahara dust outbreak, rather than a constant presence of 'natural particles' such as those
originating from sea-spray.
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The Commission shall by 11 June 2010 publish guidelines for demonstration and subtraction
of exceedances attributable to natural sources."
This guidance has been proposed pursuant to Article 20(3) of Directive 2008/50/EC.
1.3.

Aim and scope

The overall objective of this guidance is to ensure an appropriate and consistent interpretation
of the provisions of Article 20 of Directive 2008/50/EC. The guidance gives a more thorough
explanation and a non-exhaustive list on which contributions could be considered to be
appropriate for subtraction.
The guidance specifies certain criteria that must be respected in order to use in an appropriate
way the possibility to discount natural contributions. While the Member States are free to
choose the methods to demonstrate where exceedances of limit values for certain pollutants
are attributable to natural sources, the Commission will consider this guidance as a
benchmark when assessing the quality, the completeness and the comprehensiveness of
information provided by the Member States.
As it is difficult to estimate the contribution of natural sources to the total concentration with
sufficient certainty, the guidance provides assistance and examples with the aim to facilitate
the use of the provisions under Article 20 of Directive 2008/50/EC with adequate quality. The
Commission strongly encourages its use as a de minimis approach also to come to a more
harmonized implementation of the Directive, facilitate exchange of experience within the
Member State as well as between the Member States and streamline the efforts required to
demonstrate the contribution of natural sources.
Until now, the discussions with experts of Member States and the conclusions of the
Workshop on 'Contribution of natural Sources to PM levels in Europe' have focused on PM
(Marelli et al., 2006). This guidance deals with the limit values for PM10, PM2,5, SO2, and CO.
Concentrations of other pollutants like nitrogen dioxide (NO2), benzene and lead are either
not influenced by natural contributions, or the influence, at the current state of knowledge,
cannot be measured, assessed and quantified. For this reason there pollutants are not covered
by this guidance.
For several pollutants such as ozone (O3) only target values exist. These pollutants are
therefore not discussed in this guidance.
Natural contributions can vary significantly from place to place. The assessment within a
zone, as required by the Directive, is focussed very much on the areas of highest
concentration and on areas being representative for the exposure of people for significant time
periods. The identification and quantification of natural contributions is not considered a
steering element of the assessment strategy. The explanation of an exceedance of a limit value
at a specific station by natural contributions does not mean that compliance is necessarily
achieved in the entire zone. These issues are not explicitly covered by this guidance as they
are to be addressed in the guidance on the assessment under the Directive 2008/50/EC,
however they might be brought forward by the Commission whenever Article 20 of Directive
2008/50/EC is applied.
1.4.

Process of developing this guidance

This guidance is based on the outcome of the following activities:

EN
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(a)

A questionnaire, which was sent to experts from the Member States to develop
a consensus view on the definition of natural sources of PM and to collect
information on methods to determine its contribution to PM10 concentrations.

(b)

A workshop organized by the Joint Research Centre (JRC) of the European
Commission (Ispra) in October 2006 on 'Contributions of natural sources to
PM levels in Europe'. The workshop aimed at defining and identifying the
origin of the natural sources that may contribute to PM levels and the available
methods to quantify this contribution.

(c)

A report 'Contribution of natural sources to air pollution levels in the EU - a
technical basis for the development of guidance for the Member States' (JRC,
MARELLI, 2007) which is based on these discussions with experts and
represents the experience of Member States in the identification and evaluation
of natural contributions to PM.

(d)

Member States experience and comments on the draft versions of this guidance
document.

(e)

A review by the Working Group on Implementation (WGI)3.

In the report drafted by the JRC, certain methods and techniques are described as examples,
which in the future will probably be further developed. Science will evolve, measurement and
modelling techniques will improve over time, and as a result, more information will become
available. For this reason, the Commission does not have the ambition to develop new
methods and does not prescribe methods to be used, but rather set criteria that need to be met,
using appropriate methods. The methods presented in this document derive from methods
already in use in some Member States and have been chosen accordingly to the set criteria.
For clarity, mandatory language such as shall, must etc. is used. This is without prejudice to
the actual legal provisions provided by the Directive 2008/50/EC.
To ensure that the guidance remains up to date: the Commission will monitor the
implementation of the criteria set in this guidance in the development of methods used for the
quantification of the contribution of natural sources. Workshops may be organized
periodically to discuss the progress of methods that can be used for the assessment of natural
contributions. Member States will be asked to present their best practices and share the
experience as regards the use of the guidance.
Mandatory requirements to ensure that adequate information on natural contributions is
reported will be established a part of the forthcoming measures implementing Directive
2008/50/EC as regards provisions on reporting and exchange of information and are therefore
not part of this document.
1.5.

Terms, definitions and abbreviations

Together with the definitions under Article 2 of the Directive 2008/50/EC, the definitions and
abbreviations listed in the table below are used in this document. They are also used by the

3
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The Ambient Air Quality Committee ('the Committee') under Article 29 of the Directive 2008/50/EC
met in July 2008, establishing a Working Group on Implementation, which would review guidance
documents and other implementation material prepared by the Commission.
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Commission when assessing the Member States' reports. It is therefore strongly recommended
that the same definitions are used by the Member States when using these terms in their
reports. The definitions are taken from the conclusions of the above mentioned workshop and
the Atmospheric Emission Inventory Guidebook4.
Table 1: Terms and definitions
Term

Definition

Contribution from natural sources

Contribution from natural sources shall mean
concentration of pollutant resulting from emissions
not caused directly or indirectly by human activities.
The contribution must obviously have a natural
cause. As the JRC report (2006) expresses: 'only
contributions to PM from natural sources and that
may not be influenced by human action can be
deducted from PM levels according to the
indications given in the directives. All contributions
derived from interactions between natural and
anthropogenic actions should not be considered, the
sources of the natural contribution may not be
influenced, mediated or hindered by human action'.
If human action could prevent the excess
concentration from happening, the event is also not
considered as natural.

Transport of natural particles from Re-suspended and transported desert dust particles
dry regions / wind blown dust
which have a strong impact on atmospheric visibility
and aerosol composition as well as on PM levels.
Sea spray

Finely dispensed sea-water droplets in the air and
airborne particles formed by subsequent evaporation
of water, caused by the action of the wind on the
sea.

Volcano

Site where molten magma / lava occasionally
reaches the earth's surface.

Wild-land fires

The burning (naturally or man-made) of nonmanaged and managed forests and other vegetation,
excluding agricultural burning of stubble etc.

Primary Biological Aerosol Particles Material such as spores or pollen, that originally
(PBAB)
derives from biological processes and that is
transferred into the atmosphere without change in its
chemical composition.
Secondary
Organic
Aerosol (SOA)

4
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(Biogenic) The organic fraction of secondary aerosol, formed in
the atmosphere from the chain reaction of volatile
organic compounds emitted by soils and vegetation,

AEIGB: EEA (2006)
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Term

Volatile
(VOCs)

2.

Organic

Definition
including trees, and their degradation products.
Compounds Organic compounds from anthropogenic and
biological sources, other than methane, that are
capable of producing photochemical oxidants by
reactions with nitrogen oxides in the presence of
sunlight.

KEY PRINCIPLES

For the purpose of subtracting natural contributions it is necessary to provide a robust
demonstration and quantification of the actual natural contribution to the concentrations.
Member States should therefore respect a minimum set of requirements or criteria, hereafter
referred as the 'key principles':
Table 2: Key principles
Key Principle

No.
1

Natural contributions must not be caused by direct or indirect human activities.

2

The quantification of the natural contribution must be sufficiently precise.

3

The quantification of the natural contribution must be temporally consistent with the
averaging period of the limit value considered.

4

The quantification of the natural sources must be spatially described.

5

The contributions must be demonstrated in a process of systematic assessment.

6

The quantification of the natural sources must be demonstrated for each pollutant
separately.

2.1.

The natural contribution must not be caused by direct or indirect human
activities

For the subtraction to be allowed, the contribution from a natural source may not be
influenced, mediated, hindered, or limited by human action. Contributions of particles formed
by the interaction of natural with anthropogenic compounds as well as all natural emissions
that can be controlled to some extent by appropriate human-initiated measures can therefore
not be subtracted from observed pollutant concentrations. Consequently agriculture (including
livestock-breeding) cannot be considered a natural source. Domestic animals can be fully
controlled by their masters and are therefore not a natural source.
According to the definition of a natural contribution the following evidences shall be provided
in the description of the method:
(a)

EN

that the 'identified contribution' has natural origin;
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2.2.

2.3.

(b)

that the 'identified contribution' does not derive from interactions between
natural component and anthropogenic components;

(c)

that human action could not prevent or significantly reduce the 'identified
contribution'.

The quantification of the natural contribution must be sufficiently precise
(a)

Pursuant to Article 20(2) of Directive 2008/50/EC, an exceedance shall not be
considered as an exceedance for the purposes of the Directive if the
Commission has been informed that this exceedance can be attributed to
natural sources in accordance with Article 20(1) of the Directive. This implies
that:The contribution from a specific natural event or natural background
contribution needs to be expressed in numerical terms so as to make it possible
to identify and distinguish anthropogenic and natural components of the
observed concentrations. This can be done in several ways, as discussed in
detail in Chapter 4.

(b)

The quantification of the natural contribution must be as precise as possible.
Every assessment comes with uncertainties, which Member States need to
consider. The best estimate needs to be used at all times, as opposed to low or
high estimates. When addressing the uncertainties, Member States need to
remove all bias from the results, in particular any artefacts introduced by
anthropogenic contributions. While there might not always be an ideal marker
available that leads to a very specific natural contribution, Member States must
aim to identify contributions from different eligible natural sources (and then
add them up if necessary) rather than through process of successive elimination
of known anthropogenic contributions. The 'unknown' in the source
apportionment can not be considered as natural contributions.

(c)

Uncertainties regarding the quantification must be provided when reporting.

The quantification must be temporally consistent with the averaging period of
the limit value considered

Each limit value has a defined averaging period, describing the time interval over which the
measured concentrations are averaged. Limit values for the regulated pollutants and their
respective averaging periods are set in the Annex XI and XIV of Directive 2008/50/EC and
summarized below:
Table 3: Directive 2008/50/EC limit values and averaging period
Pollutant
PM10

PM2,5
Sulphur dioxide
(SO2)

EN

Averaging period

Limit value

1 day

50 µg/m3
not to be exceeded more than 35 days in a calendar year

1 calendar year

40 µg/m3

1 calendar year

25 µg/m3

1 hour

350 µg/m3
not to be exceeded more than 24 days in a calendar year

1 day

125 µg/m3
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Pollutant

Averaging period

Limit value
not to be exceeded more than 3 days in a calendar year

1 hour

200 µg/m3
not to be exceeded more than 18 days in a calendar year

1 calendar year

40 µg/m3

Carbon
Monoxide (CO)

maximum daily
8-hour mean

10 mg/m3

Benzene

1 calendar year

5 µg/m3

Lead

1 calendar year

0,5 µg/m3

Nitrogen
dioxide (NO2)

The natural contributions relevant for this guidance can be divided in two subgroups:
(a)

The first type consists of events that occur on an occasional basis, and last for a
limited, short term period, for example a couple of days; this type consequently
is mostly connected to hourly and daily limit values. It includes the transport of
Saharan dust and wildfires5.

(b)

The second type of natural contribution, for example sea spray, takes place
continuously, although with different intensity. This type of contribution can
thus be also interpreted as natural background contribution and can
significantly affect the short-term limit values as well as the annual limit
values.

The occurrence of a natural contribution event and its intensity is not fixed in time. The
preload concentration may also vary considerably. As a consequence a given natural source
must be identified to contribute to the observed concentration during the appropriate
averaging period, in order to be discountable. If not, it is not eligible for subtraction6.
For the purpose of subtracting a contribution of natural origin during a particular hour, day or
other short-term averaging periods, monitoring results must recognize every short-term event
independently.
The use of an average annual amount to quantify the short term contribution (e.g. trough the
statistical curve that correlates annual average and number of exceedance) is discouraged; if
considered for use it has to be duly demonstrated that the amount subtracted is representative
in each instance6 with respect to the conditions of the short-term methodology.

5

6
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Satellite images or aerial photographs are usually satisfactory for the visualisation and the definition of
the occurring period of transport of natural particles from dry regions, volcanic eruptions, seismic
activities and wildfires.
Example: In the case of sea spray, low wind speeds will lead to periods of low sea salt contribution, but
simultaneously to high PM values caused by anthropogenic sources. This might lead to an exceedance
of the critical daily mean concentration level (50 µg/m3). In this case there is a clear anti-correlation
between sea salt contribution and the exceedance, showing that annually-averaged sea spray
contributions cannot be used for attributing individual exceedances of daily mean concentrations of 50
µg/m3. They can however be used when assessing compliance with the annual limit value.
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It is however considered an acceptable practice to use the short-term 'subtracted concentration'
for the calculation of the long-term 'subtracted concentration'. The daily means recalculated
by subtracting the daily contribution from natural sources can be used to calculate a new
annual mean.
2.4.
The quantification must be spatially consistent with the contributions or events
It is necessary to show that a certain natural contribution is present at each particular location
where an exceedance occurs. It cannot be concluded from the proven occurrence of a
contribution at one site that this contribution was present also at another site.
Determination of the representativeness of the measuring station and modelling plays an
important role in applying this principle; natural contributions always exhibit significant
spatial variation.
2.5.
The contribution should be demonstrated by systematic assessment
The occurrence of a natural contribution should be visible in a systematic and continuous set
of measurements. A contribution should cause distinct features in the results of the monitoring
process, compared to the rest of the series of measured concentrations. The systematic
assessment can exhibit temporal features, or a distinct chemical signature.
2.6.
The quantification must be demonstrated for each pollutant separately
The demonstrated occurrence of a natural contribution for a certain pollutant does not
necessarily prove that the same quantification can be extrapolated to any other pollutant7. A
natural source subtraction therefore needs to be demonstrated for each pollutant individually.
3.
3.1.

ELIGIBLE NATURAL SOURCES
Eligible contributions - the concept

Whether or not a natural contribution can be subtracted in relation to the demonstration of
compliance with limit values is not decided by the type of natural contribution but rather by
satisfaction of the 'key principles' described above. The burden of proof remains with the
Member States.
Section 3.2 presents a list with different kinds of natural contribution. The Commission
considers that these can be subtracted in line with the requirements of Directive 2008/50/EC.
For these natural contributions, methods are available that are in line with the key principles;
they are presented in Chapter 4. The list is non-exhaustive and Member States are free to
provide quantification and the related evidence of other contributions, as long as the stated
key principles are met. Subject to approval by the Commission, contributions from such other
natural sources can be subtracted accordingly.
In Section 3.3, the list of potential natural sources is given for which the Commission is of the
opinion that the current level of knowledge cannot justify to consider any contribution for
subtraction.

7
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Typical examples are particulate matter PM10 and its subfraction PM2.5. Sea-spray or Saharan dust has
distinct size-distribution characteristics and its impact must be individually evaluated for PM10 and
PM2.5.
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3.2.
3.2.1.

Non-exhaustive list of eligible natural contributions
Transport of natural particles from dry regions

Re-suspended and transported desert dust can have a strong impact on atmospheric visibility
and aerosol composition as well as on PM levels. For the purpose of this document, two kinds
of wind blown dust events are distinguished:
(a)

Saharan dust may contribute more than 60% to the total PM10 concentration in
Mediterranean countries during a strong dust pollution event. This may lead to
exceedances of the daily average concentration of 50 µg/m3. Although these
events are detected with a much higher frequency in the Mediterranean
domain, Central and Northern Europe are also sporadically influenced. This
long distance transport of mineral particles is initiated by massive resuspension processes in arid zones in North Africa. Natural episodes of high
PM10 levels are more frequent in spring/summer periods. Saharan dust particles
can account for a fraction of both PM10 and PM2,5.

(b)

Wind blown dust can also be caused by re-suspension from dry or barren
grounds in one of the Member States and subsequent atmospheric transport
over long distances. Two elements make it difficult to assess the natural
component of this contribution:
–

Long-term anthropogenic developments have contributed to the current
state of land use; therefore the contribution has been influenced by
human action;

–

the re-suspension process itself might be caused by human action.

Member States thus need to be very cautious in identifying the true natural origin when
assessing this contribution. Particles directly re-suspended by agricultural activities or that
originate from agricultural field (e.g. ploughed field) should be considered as formed by the
interaction of natural with anthropogenic activities and shall not be considered eligible for
deduction. In other cases wind blown dust can also have as its source a dry and barren natural
area in one of the Member States, such for instance in the larger sandy-soiled areas of the
Danube–Tisza interfluve and the Great Hungarian Plain. These areas, covered by thick sandy
layer with an extension of some thousands hectares, are mostly under natural protection and
their natural land use is preserved and strictly controlled.
3.2.2.
Sea spray
Marine aerosol is characterized on the basis of its origin and distinguished by two different
types:
(a)

one of primary origin, mainly sea salt (a fraction of primary organic sulphur
particles), and

(b)

one of secondary origin, consisting mainly of non-sea-salt sulphate and organic
matter, both produced by gas-to-particle conversion.

Sea salt is quantitatively the major contributor to the marine aerosol mass. Sea spray
formation occurs more intensely during high wind episodes, in particular in Northern
European Member States. The variability of the sea salt contribution together with the anti-

EN
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correlation existing between sea salt concentration and PM values caused by anthropogenic
sources should be taken into account when deducting its contribution.
3.2.3.
Volcanic eruptions, seismic and geothermal activity
Volcanic, seismic and geothermal events may cause sporadically high PM10 levels in EU
Member States. This is mostly due on some islands in the Mediterranean area and Iceland.
Fine ash could represent an important local source. Volcanoes also emit SO2, which in
addition contributes to the formation of secondary particles.
3.2.4.
Wild-land fires
Forest fires are mostly started by humans. The EEA estimates that 90 % of all Mediterranean
fires and 87% of fires in the boreal region of Russia originate from human activity 8. It is very
difficult to prove that a forest fire is not started by humans. In many cases forest fires may be
prevented or controlled with appropriate actions. Forest fires may affect PM levels, and
incomplete combustion may cause the release of substantial quantities of CO. Especially in
dry regions, hot summer conditions with strong winds can boost the fire significantly, causing
the plumes to travel over long distances. Member States should take the cause of the fire into
account when assessing this contribution; most often it can not be treated and calculated as a
natural source.
If a Member State suffers high PM concentrations due to wild-land fire outside its own
country, it may still be appropriate to subtract the contribution from the fire of the total PM
levels for compliance purposes. In such situation provisions on transboundary pollution
contained in Article 25 of the Directive should also be considered and implemented,
especially in case of frequent and reiterated fire episodes.
3.3.
3.3.1.

Non-exhaustive list of non-eligible natural contributions
Re-suspension

Several processes on hard surfaces cause re-suspension of dust which can contribute
significantly to the airborne particle loading in cities and along roads. The re-suspended
particles can be of natural and anthropogenic origin, with re-suspension initiated by both
natural and human actions; on roads and pavements, atmospheric turbulence is mainly caused
by passing vehicles. The abrasion of the road surface and the degradation of tyres are
common sources. Quantification of different contributions is not possible with sufficient
accuracy. Experts from the Member States thus agreed at the October 2006 JRC workshop
that an exceedance of the limit value due to re-suspension processes should not be eligible.
Such re-suspended particles can also not be included in the total 'natural mix' to which an
exceedance could be attributed.
3.3.2.
Primary Biological Aerosol Particles9
Primary biological aerosol particles (PBAPs) comprise material that originally derives from
biological processes without change in the chemical composition of the material. They
include individual units such as pollen, spores, bacteria and viruses, as well as fractionated

8
9
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EMEP/EEA emission inventory guidebook 2009 – 11.B Forest fires.
In June 2010 the Italian competent authority provided references to recent research results that can
potentially be used to determine the natural contribution from PBAB. The references are included in the
literature review of the guidance (Winiwarter 2009, Bauer 2008, Szidat 2006, Lanz 2009, and results of
the projects Natair (2007) and Parfil (2008)). This and other new information will be used in the
revision of the guidance.
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material like plant debris. Pollen and spores can be present in the atmosphere in very large
amounts. The spatial distribution of PBAPs is highly dependent on atmospheric transport
conditions; in urban areas the formation of smaller particles like bacterial aerosol is prevalent,
while rural regions provide a large amount of pollen and spores. While PBAP do not exhibit a
clear seasonal trend some individual species, such as spring-time pollen, have their own
seasonal behaviour.
Pollen are typically 30 µm and above in size, while spores, bacteria and viruses are extremely
small but often abundant in high number concentrations. The contribution to PM10 mass levels
is very limited in winter time, and may comprise 5% of PM10 in ambient air in periods when
vegetation is particularly active (Winiwarter et al., 2006).
Currently, whilst PBAPs are biological in origin, little is known about how they are produced.
It is not clear whether such processes should be considered natural. Agricultural activity
might play an important role in formation processes. The source of PBAPs in the atmosphere
cannot be determined, and long-range transmission can not be excluded. Experts at the
October 2006 JRC Workshop concluded that an exceedance of the limit value due to PBAPs
can not be eligible and can not be included in the total 'natural mix' to which an exceedance
could be attributed.
This position is currently under review and any new information will be considered in the
next version of the guidance. Member States may challenge the current position by providing
specific evidence, in particular if a transboundary contribution can be determined (see
consideration under Section 3.2.4).
3.3.3.
Secondary Organic Biogenic Aerosols
Secondary aerosols are formed by complex chemical reactions to which both biogenic VOCs
and anthropogenic VOCs contribute. VOCs emitted from vegetation and their degradation
products contribute to the organic fraction of secondary aerosol. The most important
interaction of biogenic VOCs is with compounds that may be both anthropogenic and natural
(NOx and O3) in origin, with the associated complex chemical pathways still being an area of
active research.
Secondary Organic Aerosol (SOA) formed by oxidation of VOC is a common fraction of PM
and may be important in particular during summer time in vegetated areas. Exceedances in
these areas are rare, and occur usually in winter when the biogenic fraction is often of much
minor importance compared to the anthropogenic fraction. For this reason an exceedance of
the limit value should not be attributed to this source, and SOA can also not be included in the
total 'natural mix' to which an exceedance could be attributed.
4.

METHODOLOGIES

FOR SUBTRACTION OF THE CONTRIBUTION FROM NATURAL

SOURCES

This chapter describes some existing methodologies developed for the identification and
quantification of the contribution of natural sources.
This guidance, being in line with the subsidiary character of the Directive, does not have the
ambition to prescribe mandatory methods and to cover all the specific natural sources that
may exist throughout the Member States. The methodologies presented in this chapter
derived, when available, from existing methods used in certain Member States to identify and
quantify natural contribution, have been chosen and presented with the main purpose to show
how a methodology can fulfil the minimum requirements set by the key principles described

EN

16

EN

in Chapter 2. The following methodologies should be considered as neat examples which,
when implemented, should be adapted in relation to the Member State's specificity and can be
improved to increase their accuracy and precision taking into account the new and future
knowledge. Other methodologies exist, some have also been published (e.g. Perrino 2009).
4.1.

Methodology for the determination of re-suspended and transported Saharan
dust

The following describes a procedure to determine the African origin of the exceedances of the
daily mean concentration of 50µg/m3. The procedure is based on a method developed in Spain
and Portugal (Querol et al., 2006) for application in both countries10. It focuses on the daily
limit value; discounting the contributions by re-suspended and transported natural Saharan
dust episodes in the calculation of the annual average of PM10 may however also have a
relevant impact on the annual limit value (up to 10 µg/m3 in Eastern Mediterranean, 6 µg/m3
in the Canary Islands, 4 µg/m3 in the Southern Spain, and 2 µg/m3 in the North-western
Mediterranean)11. Influences on PM2,5 have also been evidenced. In Figure 1 the impact of
Saharan dust episodes on annual means and on daily exceedances is shown.
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The method was scientifically validated and published (Escudero et al., 2007).
See Querol et al. (2009) where this methodology is applied to the whole Mediterranean basin with
participants from Greece, Cyprus and Spain, and data also from Italy and France.
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Figure 1: Location of the PM monitoring sites selected for the study. Top: Mean annual PM10
levels for all days (white circles) and excluding the African dust outbreak days (grey circles).
Middle: Mean annual African dust contribution to PM10 levels. Bottom: Mean annual number
of daily exceedances of 50 µg/m3 due to African dust (right circle) and due to other causes
(left circles)
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This method allows the quantification of the contribution of natural sources on a daily basis
and can thus be used for the subtraction in respect of both PM10 limit values (third key
principle - Chapter 2). The procedure can be summarized in the following tasks.
4.1.1.

Identifying Saharan dust outbreak episodes

To identify the occurrence and the duration of the African episodes the following steps should
be taken:
• Interpretation of the daily meteorological situations with the 5-day back trajectories of the
calculated daily air masses at 12h, for 750, 1500 and 2500 metres above sea level such as
provided by the HYSPLIT model (Hybrid Single-Particles Lagrangian Integrated
Trajectories,
version
4;
Draxler
and
Rolph,
2003;
http://www.arl.noaa.gov/ready/hysplit4.html), including modelled vertical speed. The
conclusions drawn from the analysis of back trajectories should be validated by means of
the inspection of synoptic meteorological charts, such as available at
http://www.ecmwf.int.
• Consultation of the maps of aerosol index of Ozone Monitoring Instrument (OMI), which
can be obtained at ftp://toms.gsfc.nasa.gov/pub/omi/images/aerosol. These maps display
the results of OMI measurements, which determine the total ozone column from the
ultraviolet radiation. As the measurements of ozone with this device are perturbed by the
presence of absorbing aerosols, it is possible to extract further products as the aerosol
index. It is important to highlight that the OMI does not detect African events produced at
surface level and therefore it is advisable also to check the daily satellite images where this
type of events are clearly visible. These maps can be obtained at:
http://oceancolor.gsfc.nasa.gov/SeaWiFS/HTML/dust.html.
• Consultation of the daily results of aerosol models such as SKIRON
(http://forecast.uoa.gr), BSC-DREAM (http://www.bsc.es/projects/earthscience/DREAM/)
and NAAPs (http://www.nrlmry.navy.mil/aerosol/).
• Execution of HIRLAM model for obtaining wind fields at surface and higher altitudes in
order to identify possible contributions. It calculates 5-day isentropic back trajectories data
from the European Centre for Medium-Range Weather Forecasts (ECMWF).
• The information on the levels of PM measured with real time equipment (for example beta
attenuation or oscillating microbalance TEOM instrument) at regional background stations,
where available, should be consulted. A rapid enhancement of PM10 levels in the network
and in particular regional background stations may indicate an occurrence of a dust episode
triggering further specific activity for identification and quantification of the event. The
data from measuring stations that are not equipped with real time instruments but PM filter
samplers should be used in a final stage together with the real time corrected measurements
to validate the episodes.
These steps will result in tables containing a compilation of the levels of PM registered in the
regional background stations, with an indication of the days and areas with African dust
contributions.
Due to the long travel time of Saharan dust, a single Saharan dust event may cause high PM10
levels on different days at stations that are far apart, particularly when the African air masses
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transported are followed by episodes of intense Atlantic advection that renew the regional air
masses. In more stagnant conditions, however, these particles, which have travelled over a
long distance, can have a considerable residence time during which the PM10 levels remain
rather high. Some studies show that this ongoing effect on the PM10 levels often lasts between
from 1 to 3 days after the advection of African air masses12.
Note that in the near future some of the above steps may be provided directly as the product
of the operational GMES-Atmosphere service. Find already available pre-operational
products at http://www.gmes-atmosphere.eu/.
4.1.2.

Quantifying Saharan dust outbreak episodes

In order to quantify the fraction of the PM10 regional background levels not attributed to the
African dust outbreak for the days with identified African influence, in each time series of the
station of corresponding regional background, the monthly moving percentile 40 is
determined for each day, excluding days with identified African influence. The value
corresponding to this calculated moving 40 percentile is subtracted from the daily average of
PM10 determined in the station of regional background for every day affected by the African
contribution. The 40 percentile is selected from validation studies used with chemical
speciation data. Thus, the moving 40 percentile of 30 days with the evaluated days being in
the position 15 is reproducing well in the Iberian Peninsula the regional background levels
without African dust contributions (Escudero et al. 2007, Pey 2008).
The monthly moving percentile 40 is a site specific indicator which reproduces the
background concentration existing in the Iberian Peninsula during days with prevailing
atmospheric advective conditions. The use of this indicator in other countries has not been
validated and no certainty exists on its accuracy. In absence of specific studies that identify
the statistical indicator that better reproduce PM10 background concentration the use of a more
conservative indicator, like the average of the PM10 concentrations registered during 15 days
before and 15 days after the analyzed dust outbreak episode excluding the days with the
identified episode, or the moving 50 percentile of 30 days, should be preferred.
With this procedure, by subtracting the 40 percentile or the 30 days average value from the
bulk PM10 levels recorded during the ‘Saharan’ day at the relevant regional background
station, the daily net dust load in PM10 is obtained.
The daily values of net dust load in PM10 registered in regional background stations is added
to the tables previously mentioned for the coincident days with episodes of African PM10.
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In certain cases in which incursions of masses of African dust occur over Europe, PM10 levels can be
affected by these natural episodes during the days (1 or 2 days) after the last day in which the retrotrajectories indicate the existence of the episode. This is due to:
a) When the African air masses are transported over Europe, these are not always followed by episodes
of intense Atlantic advection that renew the regional air masses, i.e. the African dust has a time of
residence during which it noticeably affects PM10 levels;
b) These African air mass intrusions developed vertically. According to several authors (De Tomasi,
2003; Alpert et al., 2004; Balis et al., 2004; Perez, C., 2005) during all the scenarios of transport of
African air masses towards the Iberian Peninsula dust reaches a minimum altitude of 1500 ms over sea
level. If we consider that the particle deposition between 1 and 10 microns have an average speed of 0.6
cm/s or 518.4m/day (see figure of Zender et al., 2003, http://meted.ucar.edu/mesoprim/dust/print.htm).
This means that in approximately 3 days, the particulate matter that has travelled to about 1500 m will
fall out. In the centre of the Iberian Peninsula (with an average altitude of 500m) this material would
need around 2 days to deposit once the intrusion finished.
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4.1.3.

Regional background measuring stations and spatial representativeness

The aim of the method is to subtract, for those days for which an episode of Saharan dust
contribution has been identified, the daily net Saharan dust load determined at the regional
background stations from the assessed concentrations in the affected areas13.
The contribution of Saharan dust episodes generally depend on the area within a Member
State. It can also vary considerably with the altitude; often air masses with a high Saharan
dust load may show the highest concentrations in the upper layers.
The choice of regional background stations and the definition of their spatial
representativeness play an important role for enabling full coverage of the territory and for
determining which assessed net dust load in PM10 measured in the regional background can
be considered representative.
For these reasons Member States that use this method need to identify the regional
background stations that are used for determining the net dust load and their spatial
representativeness. Important to this respect are examples to estimate/ensure the
representativeness of those stations (representativeness and classification of air quality
measuring stations14, criteria for monitoring sites under EMEP; EMEP Manual for Sampling
and Chemical Analysis, chapter 215, NILU, 2001).
4.1.4.

Implementation of the method

For the days identified as belonging to an episode of African dust, the daily net African dust
load (see above) is subtracted from the assessed concentration. If the result is lower than the
critical daily level (50 µg/m3), this exceedance can be attributed to the natural contribution.
For example: at an urban background station and a traffic station, daily mean PM10
concentrations of 55 µg/m3 and 90 µg/m3 are registered respectively during a day for which an
investigation indicates that a Saharan air mass intrusion has taken place. At the regional
background station used as reference for those mentioned stations, a daily mean value of 41
µg/m3 is registered simultaneously. The moving 40 percentile of 30 days with the evaluated
day being in the position 15 reaches 15 µg/m3. Therefore the net African dust load at this
regional background station, and therefore in the region for which it is representative, is 4115=26 µg/m3. In this case the exceedance registered in the urban background station can be
attributed to a natural contribution (55-26= 29 µg/m3 <50 µg/m3), but the exceedance at the
traffic station (90-26= 64 µg/m3 >50 µg/m3) has to be considered of anthropogenic origin.
It may occur in very few cases that an air mass with high Saharan dust load leads to different
influences at certain heights. Since some of the selected regional background reference
stations may not be well representative for the station considered, e.g. because it is located at
substantially higher altitudes than the related urban networks, it could be possible that they
register even higher levels of PM10 than certain stations in the urban context. In these cases
the more representative net dust load may be calculated averaging the Saharan contributions
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In the Iberian Peninsula a network of 20 regional background sites (from currently available monitoring
sites from air quality networks, including EMEP) is used to cover the regional background levels of
Spain and Portugal (including, Canary and Balearic Islands, Madeira and Azores).
Concept developed in a project funded by the European Commission, DRAFT FINAL REPORT,
http://ec.europa.eu/environment/air/quality/legislation/pdf/report_uba.pdf.
http://www.nilu.no/projects/CCC/manual/
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obtained in the reference regional background station and other closest regional background
stations. If the result after subtracting net dust load is still a negative value, it has to be
replaced by the moving 40 percentile of 30 days calculated at the urban site, excluding the
'Saharan' days. The problem described here is due to the limited representativeness of the
reference stations and must be adequately addressed if the provisions on natural contributions
in the area are to be applied on a sustained basis.
4.1.5.

Validation of the method

Since the particulate material of the Sahara/Sahel region is mainly constituted by quartz,
calcite, dolomite and clay minerals, direct analysis of Ca, Al2O3, Fe2O3, K, Mg, and the
indirect determination of Si (3×Al2O3 = SiO2) and CO32-(1.5×Ca + 2.5×Mg = CO32- ) allows
the determination of the mineral load contributed by the Sahara.
Although this procedure is quite expensive, and may be sensitive to mineral dust interference
coming from other anthropogenic sources (Querol et al., 2001 and 2004 b and c), it is very
useful to analyse, campaign-wise, the mineral composition of the particulate collected during
the African dust episodes at the regional background stations that are less influenced by local
re-suspension and anthropogenic sources. Such analysis is to be used for method validation
and for estimation of its uncertainty, as it provides important indication of the method's
accuracy.
4.1.6.

Annual Report

A report should be produced for every calendar year justifying and describing each of the
episodes of PM10 attributed to African contributions.
The report shall contain:
• The list of the regional background measuring stations used for the determination of the net
dust load and information concerning representativeness of the stations.
• The tables of daily levels of PM10 registered at stations representing regional background.
• The list of dates with the identification of African episodes.
• The values of the daily net African dust load determined by means of the procedure
presented before.
• The daily concentration levels before and after subtraction of the net dust load for all
assessment points and areas.
• The annual concentration levels before and after subtraction of the net dust load for all
assessment points and areas. The difference will yield the mean annual dust contribution
from African dust.
• Uncertainty analysis.
• Critical analysis of the applied methodological elements relevant in the reporting year, if
appropriate.
• References to the underlying methodological reports/papers.
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4.1.7.

Critical discussion

To reproduce the background concentration during the days affected by Saharan
contributions, different statistical indicators can be used. The use of the moving 40 percentile
of 30 days with the evaluated days being in the position 15, excluding days with identified
African influence has been tested and validated in the Iberian Peninsula where it well
reproduces the regional background levels without African dust contributions.
The use of this indicator in other countries has not been validated and no certainty exists on its
accuracy. In absence of specific studies that identify the statistical indicator that better
reproduce PM10 background concentration the use of a more conservative indicator, like the
average of the PM10 concentrations registered during 15 days before and 15 days after the
analyzed dust outbreak episode excluding the days with the identified episode or the moving
50 percentile of 30 days, should be preferred. In the definition of the statistical indicators
evidence should be provided that reliable estimations can be achieved, avoiding
underestimation of the 'real' background concentrations (i.e. without the Saharan dust
contribution). Following the methodology as described above, an underestimation of the
background leads to an overestimation of the natural contribution.
4.2.

Methodology for the determination of sea salt contribution to PM

Sea salt is an important natural source that could affect the concentrations of particulate
matter significantly. It has been evaluated that discounting the sea salt contribution could have
a relevant impact in the calculation of the exceedances of the 24-hour limit for PM10 (de
Leeuw et al. 2009). The contribution of sea spray varies across the territory usually exhibiting
a strong gradient of concentration very close to the coast, as shown in Figures 2 and 3.

Figure 2: Interpolated particulate chloride map for 2006 (µg/m3) (Stedman 2009)
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Figure 3: Annual average contribution of sea salt aerosol to the particulate matter
concentration in the Netherlands. The estimate is based on interpolation of monitoring results
and has been combined with assumptions about the distribution of sea salt along the Dutch
coast (Eerens et al., 1998; Eerens, 1998)
It is important to underline that the daily contribution of sea salt is clearly very episodic with a
small number of days with high concentration superimposed on a relatively low background.
This is illustrated by Figure 4 showing daily measurements of chloride concentrations in
Harwell (UK) in 2006.
Harwell Partisol Chloride 2006

8
7
Chloride ( µ g m -3)

6
5
4
3
2
1
0
01/01/06

20/02/06

11/04/06

31/05/06

20/07/06
Date

08/09/06

28/10/06

17/12/06

Figure 4: Daily mean chloride concentration at Harwell in 2006
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Sea spray formation occurs more intensely during episodes of high wind speed, in particular
in the Northern part of Europe. Hence these events occur during relatively low ambient PM10
concentration due to favourable atmospheric mixing conditions. On the opposite, conditions
of low wind speed in general tend to lead to higher ambient PM10 levels whereas the potential
contribution of sea spray is smaller. Data showing the correlations between Na concentration
(used as a see salt tracer), wind direction and wind speed, and the anti-correlation between sea
salt concentration and PM10 concentration have been collected in the Netherlands and
published in the BOP report 'The contribution of sea salt to PM10 and PM2,5 in the
Netherlands' (Manders et al. 2009).
Following the key principles no. 3 and 4, for the purpose of subtracting the sea salt
contribution from daily mean values, a method that allows to quantify the impact of the
contribution of sea salt on a daily basis and to identify the spatial variation of this contribution
across the territory has to be preferred.
Examples of methodologies that estimate the sea salt contribution on the basis of tracer
elements such as sodium and chloride are available, but for the time being there is insufficient
spatial coverage to produce reliable maps of sea salt concentration on a daily basis.
The method described below is based on a chemical analysis of 24-hour PM10 samples to
determine exceedances due to sea salt contribution at the individual PM10 sampling point.
Estimation of sea salt natural contribution on an annual basis can be adequately achieved
through application of campaign-based measurements (as described below) and modelling.
However, such annual estimates cannot be interpreted as the contribution at a particular day.
Member States are also advised not to use such annual estimates in the source apportionment
that steers abatement measures in an air quality plan, as it may lead to future exceedances due
to overestimation of natural contributions during high pollution episodes.
Quantifying sea salt episodes
4.2.1.
The contribution of sea spray may be present throughout the year, but with varying intensity.
Analysis of the chemical composition of daily aerosol samples or at least of one of the major
component of sea salt is suggested to identify and quantify the sea salt contribution.
Calculation of the sea salt contribution relates the inorganic ions speciation in the collected
aerosol samples to the average sea water composition presented in Table 4.
Table 4: Salt ions in sea water
Chemical ion

EN

Valence

Concentration
mg/kg

% by
weight

Chloride Cl

-1

19345

55.03

35.453

546

Sodium Na

+1

10752

30.59

22.990

468

Sulphate SO4

-2

2701

7.68

96.062

28.1

Magnesium Mg

+2

1295

3.68

24.305

53.3

Calcium Ca

+2

416

1.18

40.078

10.4

Potassium K

+1

390

1.11

39.098

9.97
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Chemical ion

Valence

Concentration
mg/kg

% by
weight

Molecular Concentration
weight
(µmol/kg)

Bicarbonate
HCO3

-1

145

0.41

61.016

2.34

Bromide Br

-1

66

0.19

79.904

0.83

Borate BO3

-3

27

0.08

58.808

0.46

Strontium Sr

+2

13

0.04

87.620

0.091

Fluoride F

-1

1

0.003

18.998

0.068

Chloride, sodium, sulphate, magnesium, calcium and potassium are the major ions in the
aerosol samples. They can be routinely analyzed, e.g. by means of ion chromatography.
Considering Na as being entirely of primary marine origin (air mass back trajectories are to be
used to validate this assumption), the sea salt fraction of other ions can be calculated
according to the ratios between Na and these other ions in the sea water, as e.g. for sea salt
sulphate (ssSO42-):

[ssSO ] = [Na ]× 307..6859
2−
4

+

where [Na+] is the measured sodium mass and [ssSO442-] is the sulphate mass due to the sea
salt contribution; 7.68 and 30.59 in the expression above are the percentage contributions of
sulphate and sodium to the salinity of sea water. Likewise, the sea salt contribution for other
ions can be calculated according to the percentages reported in Table 4. The sum of the [ssIons] is the contribution of sea salt to the total PM10 concentration.
It is not recommended to use chloride as a reference ion to calculate the sea salt contribution
because chloride observations have a large margin of uncertainty.
Sea salt is also not the only source of particulate chloride in the atmosphere. HCl is for
instance emitted from coal burning, although reductions in the use of coal as well as flue gas
abatement measures are likely to have reduced atmospheric HCl emissions considerably.
On the other hand chloride can be removed from sea salt aerosol due to the reactions with
HNO3 and H2SO4:
NaCl(solid) + HNO3(gas) → NaNO3(solid) + HCl(gas)
2NaCl(solid) + H2SO4(vapour) → Na2SO4(solid) + 2HCl(gas)
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Therefore sodium is a better tracer for sea salt than chloride and should be preferred when
analyzing the PM composition16. Use of chloride is acceptable as long as any potential biases
are considered.
A simpler and widely used method to calculate the sea salt contribution considers only
sodium or chloride as a tacer for the sea salt contribution. The contribution is calculated
assuming that sea salt is made up only by NaCl and that all Na and Cl are associated in
sodium chloride. Therefore, according to the sea water composition:
Sea salt = 100/55 x [Cl] = 1.8 x [Cl]
or
Sea salt = 100/30,6 x [Na] = 3.27 x [Na]
or
Sea salt = ([Na+] + [Cl-]) x 1.168
The mass of sea salt calculated with these procedures can be subtracted from the daily PM10
average at that sampling point.
4.2.2.

Spatial representativeness, application across the territory

The methodology presented above is applicable only in the area for which the spatial
representativeness of the measurement is determined17. Any wider application needs to be
supported by modelling results, validated through adequate number of PM composition
measurements.
4.2.3.

Critical discussion

The calculation based on chloride only is potentially subject to both positive and negative
artefacts. As mentioned above, sea salt is not the only source of particulate chloride in the
atmosphere. Sodium is currently considered a better tracer for sea salt than chloride, however
there are uncertainties associated with its anthropogenic sources, and overestimation is
possible as the chloride lost to the gas phase would also be counted when it is no longer a
particulate. Both sodium and chloride should be considered, if available, to reduce the
uncertainty.
In order to demonstrate that a daily exceedance is attributable to natural sources, sea salt in
this case, it should be demonstrated that on that specific day the exceedance is caused by the
natural contribution and this can only happen through its quantification.

16

17

EN

The UK is explicitly challenging this assessment and its assumptions, in particular the limited sources
of anthropogenic sodium. The UK also asserts that by using sodium an overestimation is likely to be
encountered as the chloride ion lost to the gas phase would also be counted when it is no longer a
particulate.
There is currently no prescribed methodology for the determination of spatial representativeness of sea
salt contribution measurement. Potential methodologies include indicative monitoring in the
surrounding area and dispersion modelling of the sea as a specific source. Local topography and wind
conditions are expected to play an important role. Methodology and underlying assumptions need to be
documented and available upon request.
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The episodic nature of the sea salt contribution should be taken into account; the time
coverage of the chemical composition measurements should therefore be as large as possible,
and the considerations on data quality objectives for particular matter measurements should
be followed when the time coverage is not 100 %18.
The methodology based on annual averages seems to be not adequate to investigate daily
averages as the meteorological conditions leading to those elevated contributions are very
specific6. Methodologies based on determined contribution from other days or the statistical
relation between the annual mean value and the number of days exceeding 50µg/m³ (or the
36th highest daily mean) are not advised for the explained motivations. Those methodologies
can only be used if it is demonstrated that their results are representative on each specific day
in question, and in particular do not overestimate the number of days in which exceedance is
attributed to sea salt concentration.
While the chemical analysis of sodium or chloride together with modelling to ensure adequate
spatial representativeness is assumed to be an adequate method to quantify the impact of sea
spray on PM10 concentrations, it is important to address any potential overestimation.
Additionally any extrapolation of point assessment to wider area requires justification through
representativeness analysis, validated modelling etc.
An additional artefact may be introduced through interference of winter salting and must be
taken into account.
The contribution from the re-suspension of particulates following winter-sanding or –salting
of roads can be subtracted according to Article 21 of Directive 2008/50/EC, however, the
sources must be identified, quantified and reported separately, avoiding any double counting.

4.3.

Volcanic eruptions, geothermal and seismic activities

The detection of any of these events (in particular from larger sources) by one Member State
is usually confirmed by similar detection in other Members States and/or through the satellite
data. Spatial location of these sources is usually well known. Furthermore, the tracking of
gaseous tracers at air measuring stations throughout the affected Member States should also
help to determine the propagation in time of these events more precisely.
This type of contribution consists usually of actual events that occur on an occasional basis,
and last for a limited, rather short period of time, for example a week. Consequently it will in
the first place affect short term concentrations like hourly or daily averages.
No comprehensive methods for the identification and the quantification of volcanic eruptions,
geothermal and seismic activities contributions have been developed and communicated to the
Commission in the framework of the annual report on air quality assessment. In absence of
developed and implemented methodologies, a summary of a possible method for the
quantification of volcanic eruption contribution that fulfils the key principles is described
below.
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Contribution of limited time coverage to the measurement uncertainty must be taken into account, as in
the case of total mass measurements (see Annex I (A) footnote 1 of Directive 2008/50/EC).
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4.3.1.

Method for the quantification of volcanic eruption contribution

The method presented below is based on comparison of the concentration levels at the point
or the area to be investigated with levels of rural/remote stations in other areas, levels
assessed during periods not affected by volcanic eruptions, and analysis of possible plume
trajectories, e.g. using satellite data or model calculations. The methodology for determination
of the Saharan dust contribution (see Section 4.1) can be applied with the added simplification
of the known location of the origin and the fact that for these activities usually high PM levels
are associated with high SO2 levels (Carn et al., 2005).
The methodology includes the following steps:
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(a)

Satellite images and back-trajectories help determining the impact of the event
in time and space.

(b)

Modelling of the dispersion of plumes from suspected source areas
demonstrates the relationship between high levels of PM10 and SO2 and this
natural event.

(c)

Identify peaks in the assessed PM10 and SO2 time series.

(d)

Compile data of a simultaneous time series for the regional background
(modelling, regional background station) relevant to the assessed site or area.
The reference series that is not obtained through direct measurement has to be
thoroughly validated and fit for purpose.

(e)

Compare the PM10 and SO2 series from those events with high PM10 and SO2
levels and identify a list of coincident high PM10 and SO2 peaks.

(f)

Compile a list of volcanic events occurring during the time series.

(g)

Compare the time distribution of these events with that of the coincident high
PM10 peaks and review information on gaseous tracers for volcanic emissions
(SO2) to confirm the relationship between these events and the PM10 peaks in
the reference time series.

(h)

The average of the PM10 and SO2 concentrations registered in the 15 days
before and in the 15 days after the episode in the reference time series is used
as the background concentration. The difference between the concentrations
measured during the episode and the above mentioned 30 days (episode days
excluded) should be considered as contribution of the volcanic eruptions. In
case that the duration of the event is significant compared to 30 days, a more
elaborate scheme may be necessary to adequately estimate the concentration
levels without the volcanic contribution. As for the quantification of the
Saharan dust events, other statistical indicators of the levels excluding the
natural contribution at the site/area can be used if properly justified.

(i)

Any spatial extent of the contribution needs to be explicitly justified through
modelling and back trajectories. Spatial representativeness of the measuring
station determined on the basis of averaged time series is most probably not
adequate to apply on the specific event.
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4.4.

Wild-land fires

Wild-land fires are usually of anthropogenic origin, and may be prevented or controlled with
appropriate actions to a significant extent. Member States should therefore effectively address
this contribution in view of the possibility of subtraction only if the emissions are transported
from regions outside the Member State (see Section 3.2.4) and when provisions of Directive
2008/50/EC related to the transboundary pollution have been applied. If the fire has extended
from another Member State any deductions of the common contribution need to be
accompanied with the description of measures taken at the short term to eliminate the fire and
reduce the exposure of the population.
Despite several good examples that show the impact of domestic and extra EU wild-land fires
on air quality and that highlight how this contribution can determine an exceedance of the
daily average concentration of 50 µg/m3 for the PM1019, no exhaustive method for the
identification and the quantification of the impact of wild-land fires episodes have been
developed and communicated to the Commission in the framework of the annual report on air
quality assessment.
In absence of developed and implemented methodologies, a summary of a possible method
for the quantification of wild-land fire contributions that fulfils the key principles is described
below.
4.4.1.
Quantifying wild land fires episodes
The method presented below is based on comparison of the concentration levels at the point
or the area to be investigated with levels of rural/remote stations in other areas, levels
assessed during periods not affected by wild land fires, and analysis of possible plume
trajectories, e.g. using satellite data or model calculations. The methodology for determination
of the Saharan dust contribution (see Section 4.1) can be applied with the added simplification
of the better known location of the origin and the fact that for these activities usually high PM
levels are associated with other combustion tracers.
The methodology includes the following steps:
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(a)

Satellite images and back-trajectories help determining the impact of the event
in time and space.

(b)

Modelling of the dispersion of plumes from suspected source areas
demonstrates the relationship between high levels of PM10 and this natural
event.

(c)

Identify peaks in the assessed PM10 time series.

(d)

Compile data of a simultaneous time series for the regional background
(modelling, regional background station) relevant to the assessed site or area.
The reference series that is not obtained through direct measurement has to be
thoroughly validated and fit for purpose.

(e)

Compare the PM10 series from those events with high PM10 levels and identify
a list of coincident high PM10 peaks.

Witham et al. (2007), Air quality expert group (2005), Miranda (2004), Miranda et al. (2008) Hodzic et
al. (2007).
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4.4.2.

(f)

Compile a list of wild-land fires events occurring during the time series.

(g)

The average of the PM10 concentrations registered in the 15 days before and in
the 15 days after the episode in the reference time series is used as the
background concentration. The difference between the concentrations
measured during the episode and the above mentioned 30 days (episode days
excluded) should be considered as contribution of the wild-land fires episodes.
In case that the duration of the event is significant compared to 30 days, a more
elaborate scheme may be necessary to adequately estimate the concentration
levels without the wild land fire contribution. Other statistical indicators of the
levels excluding the natural contribution at the site/area can be used if properly
justified.

(h)

Any spatial extent of the contribution needs to be explicitly justified through
modelling and back trajectories. Spatial representativeness of the measuring
station determined on the basis of averaged time series is most probably not
adequate to apply on the specific event.
Recent and future developments

New services are being developed in the framework of the GMES (Global Monitoring for
Environment and Security) programme that will facilitate the use of models in detecting and
quantifying the impact of wild-land fires on air quality. The Global Fire Emissions service
provides global emissions from biomass burning as input for some of the other MACC
services and to the general public. The emissions are calculated in real time and
retrospectively from satellite-based observations of open fires. More information can be found
at http://www.gmes-atmosphere.eu/about/project_structure/input_data/d_fire/.
Further useful information are expected from the PASODOBLE (Promote Air Quality
Services integrating Observations – Development Of Basic Localised Information for Europe)
project. This project has been financed by the Seventh Framework Programme for Research
and Technological Development and has the aim to develop and demonstrate user-driven
downstream information services for the regional and local air quality sector by combining
space-based data, in-situ data and models and one of the objectives is the evolution of existing
and development of new sustainable air quality services for Europe on regional and local
scales.
One of the tasks of the project is the development of a tailored fire service which has the
objective to provide information and forecast on the air quality impact of wild-land fires. As
soon as this information will become available it will constitute a useful tool that can be used
for the identification and the quantification of the wild-land fire episodes.

5.

MEASURED AND MODELLED EXCEEDANCES

Directive 2008/50/EC recognises measurements as well as indicative measurements and
model calculations (or combinations of these) as legally valid methods for assessing
exceedances of ambient air quality standards. Before performing a deduction process some
deliberation should be carried out on the methodology that has been used to determine the
exceedance.
When the air quality assessment is performed with measurements or indicative measurements,
using adequate quality assurance/quality control, the deduction process should be carried out
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without any further regard. The natural contribution identified with the adequate methodology
is subtracted to the measured concentration in order to get the 'net' value.
When the air quality assessment is performed with the use of models or when two methods,
such as measurement and model, are combined, the following should be taken into account
before carrying out the deduction process:
1.

When the model used to assess air quality takes into account in its outcome the
contribution of a specific natural source suitable for deduction (e.g. the model
contains a module that reproduce the sea salt aerosol source and includes its
contribution in the calculation of the total amount of PM10) it is the amount of
particulate matter that the model attributes to the specific natural source that may be
deducted. In other words, the model should be run by setting to zero the contribution
of the natural source that is suitable for deduction in order to obtain the net
concentration.

2.

When the model used to assess air quality does not take into account in its outcome
the contribution of a specific natural source suitable for deduction, the deduction of
the contribution of this natural source must not be performed (e.g. deduction of the
volcano eruption contribution shall not be performed if the exceedances have been
detected with a model that does not consider this eruption episode in its calculation).

3.

When the outcomes of the model used to assess air quality are fitted to measurements
or when the model and measurements are combined in data assimilation, a more
complicated situation arises: the contribution of a specific natural source suitable for
deduction as well as of all other sources has implicitly been scaled to compensate for
mismatches between the model and the measurement results. In such a case
subtraction of the natural contribution based on measurements or other specific
technique is preferred as the more reliable method.

When modelling technique is used for the air quality assessment, the deduction process shall
be well documented not only as regards the quantification of the deductable fraction but also
in the description of how the total concentration has been calculated, ensuring the coherency
and transparency of the process.

6.

DOCUMENTATION AND REPORTING

In order to apply the provisions under Article 20 of Directive 2008/50/EC, the determination
of natural contributions has to be documented. The document(s) should be made available to
the Commission and to the public (online or in EIONET CDR20), updated annually if
necessary to demonstrate natural contribution to individual exceedances in the reported year.
There are no specific requirements for the structure of the document, but it has to include
explicit reference to the aim (application of Article 20), role/participation of competent
authority or body designated under Article 3 of Directive 2008/50/EC for assessment of
ambient air quality , temporal and spatial scope (air quality zones and individual
exceedances), description of methodology, and identification and quantification information
including supporting evidence such as the back-trajectories etc.
20
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European Environment Information and Observation Network Central Data Repository (CDR). The
CDR is part of the ReportNet architecture. It is like a bookshelf, with data reports on the environment http://cdr.eionet.europa.eu/
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The application of all key principles has to be identifiable in the document. Specific additional
information has to be included or referenced in the document when the application of Article
20 addresses natural contributions that are not explicitly considered eligible in this guidance
(e.g. forest fires).
Information about exceedances of limit values due to natural contributions are currently
reported as part of the questionnaire set up by Commission Decision 2004/461/EC21. Even if
the justification is provided in the separate documentation, the essential information on the
quantified impact with reference to the explanatory document has to be provided in the
questionnaire. Otherwise the Member States' application of the provision under Article 20 of
Directive 2008/50/EC will not be considered for the purpose of the assessment of compliance
with the limit values by the Commission.
On the level of zones, Form 8 of the questionnaire laid down in Decision 2004/461/EC
compares the 'original total’ pollutant's assessment results with the limit values and any
applicable margin of tolerance, whereas the 'natural contribution deducted' PM10 values may
bring some zones in compliance.
In Form 23a of the questionnaire, the total as well as the reduced number of exceedances of
the critical PM10 daily mean value of 50 µg/m3 are to be given. Annual means, exceeding the
long-term limit value as well as those results reduced by natural contributions are to be
reported in Form 23b.
Individual cases of exceedance are presented in Form 11h and Form 11i.

21
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OJ L 296, 21.11.1996, p.55
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