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REPRESENTATIVENESS AND CLASSIFICATION OF AIR QUALIT Y MONITORING
STATIONS?

1. Concept and Obijectives

The main objectives of the EU project ,Developmenit the methodologies to determine
representativeness and classification of air quatibnitoring stations”, are to develop:
definitions,
methods and
validation procedures for
the classification for air quality monitoring sitder various pollutants (focussing on KO
PM10/PM2,5 and Ozone, but also taking into acc@@t NOx, CO, benzene, etc.);
the assessment of the geographical area of repagiseness of air quality monitoring sites.

The definitions and the methodology take into actdle following principles:

the methodology should be applicable throughoubper

both classification and representativeness pronadelts specific for different pollutants;

classification and representativeness are tempocalistant over time periods of at least several
years;

classification and representativeness may varpenldng term, e.g. due to changes in emissions.
The concept that representativeness is constamttiove periods of several years in fact means that
the area of representativeness of a monitoringostatoes not vary e.g. in a daily, weekly or annual
cycle or due to different meteorological conditions

Since AQ monitoring stations could be situated ay aype of location, the classification
methodology developed in this study does not omgu$ on existing monitoring stations, but
considers all types of locations which can be foumB8urope.

! Prepared by Mr. Wolfgang Spangl, Federal Enviromm#gency, Austria under Service Contract to theopean
Commission, DG ENV, Reference: ENV.C.1/SER/20054008he document has not been formally edited.
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2. Classification

Classification is a key instrument for thrgerpretation and assessment of AQ dataespecially for
large data-sets covering large areas with a wideetyaof types of locations, as handled by
international organisations such as the EEA and@lagsc Centre on Air and Climate Change.
Classification of AQ monitoring stations createsougps of monitoring sites with common
characteristics, providing the following informatio

Basic information about (different) causes/souroésair pollution (primarily emissions, but
possibly also dispersion conditions);

Basic information about the affected receptors aschumans (related to exposure);

Support of spatial AQ assessment, including therdehation of the area of representativeness.

The classification scheme developed in this stedyaised upoemissionsand takes into account the
three most important source categories:

1. Local road traffic;

2. domestic heating

3. industrial and commercial sources (including power plants, simecial infrastructural facilities
like airports or ship emissions in large sea har§ou

The classification scheme can be applied for prilgnamitted pollutants and is, of course, spedific
each pollutant.

This classification scheme is similar to the “typk station” classification in the Eol meta-data
(97/01/EC).

The classification scheme is based uponabsolute contribution of each source categoryto the
concentration level observed at the monitoringi@iatThe assessment of the relative contribution of
different sources or source categories can be aathiey various methods, of which modelling may be
the most comprehensive and accurate way, but dsontost expensive. Most commonly, the
assessment of the contributions of different sainseaccomplished by a combination of expert
judgement, the use of emission inventories and finge

The classification scheme does not cover emisdiams the following sectors: off-road machinery,
agriculture, natural PM sources, as the quantiboaand spatial allocation of these emissions 1y ve
difficult. These sources are also less relevageimeral.

The classification parameter flarcal road traffic is the potential contribution from local road fraf

to the measured concentration. “Local” road tratfiés to be taken into account, since total rodtidra
on a wider spatial scale (which contributes e.gpredominant share to total urban NOx emissions)
also influences the measured concentrations piribution to the background concentration.

The classification method discussed in this stualy be applied in the case that modelling is not
available. The contribution of road traffic emigsas named “traffic parameter” and is quantifigd b
the following approximation:

Traffic parameter ®missions or local road traffic divided by square oot of the distance |

The square root of the distance from the road asddnominator is a rough approximation for the
concentration distribution along a street from maeésults. It underestimates the real concentration
distribution near the street and overestimatesl#rger distances.



The distance has to be taken from the kerb ofdhd to the air inlet. For highways, the distanoenfr
the kerb of the first traffic lane (not the breakaolane or the shoulder) has to be taken.

Especially in urban locations monitoring sites nbaylocated quite close to major roads, but shielded
from the road by compact buildings and thereforeafiected by traffic emissions (or only to a minor
extent). Based on model results, a “shielding” exposure coefficient” is introduced, which is
multiplied with the respective traffic emissionshel exposure coefficient is assum@dfor a
configuration monitoring site/road with complet®@s# building between (which means that in such
cases nearby traffic emissions do not contributéhfe measured pollution) afd5 for buildings with
small gaps or a location of the monitoring sit@inarrow cross lane, addor all other cases.

The contribution ofdomestic heating emission$o the observed concentration may be assessed b
modelling or use of surrogate parameters. The ifilzeson method discussed below can be applied if
modelling is not available. It considers the donedséatingemissions within a surrounding of 1 km
radius.

The contribution ofindustrial (commercial) emissionscan be either assessed by modelling or by
expert judgement. There seems no appropriate wagdess the industrial contribution by surrogate
information, since industrial sources cover a wiglege of different configurations regarding e.g th
spatial distribution and number of sources (sirggbek vs. fugitive emissions) of a certain plant an
the emission height; further external parametezsdapersion and wind conditions.

As a definition of irban background”, locations which are classified into the lowelstss related to
road traffic and industry are propos&iiral background shall cover locations which are classified in
the lowest class regarding all categories of elmnssi

Sinceozone— as a totally secondary pollutant — can not lassified according to emissions,
formation and depletion processes have to be usedhé classification. The classification of
ozone monitoring sites will be based upon the foilgy parameters:

1. Local ozone depletion by NO titration is consatkby the classification MOx emissions by
local road traffic; two classes are proposed,;

2. the amount of ozone depletion on the surfacevaniical mixing, which lead to a distinct
vertical gradient, is dealt with by a simple topaggic classification due &xposure

“plane” for low vertical exchange and high surfaepletion

“mountain” for good vertical exchange and low soealepletion

“high alpine” for locations on high mountain sumsngharacterised by strong exchange with
the free troposphere and negligible surface depleti

2. Regional photochemical ozone formatiornn the plumes of large agglomerations can be asdes
either by expert judgement or assessment of reghd@x and VOC emissions in a circle of approx.
50 to 100 km; 2 classes are proposed.

The classification of AQ monitoring sites according tothe population distribution separates
different types of urban and rural sites. The psgabclassification scheme is in principle relatethe
type of area description used in the Ozone direcf2002/3/EC) and the Exchange of Information
decision (97/101/EC). Nevertheless, the analysi®&wdtrian population data and the discussion of
possible classification criteria for population different spatial scales led to a somehow different
scheme.



It can be used both to exposure assessment anssas# of total emissions, since the population
density is a surrogate for spatially distributedissions. The proposed criteria are based on a
combination of the population numbers in the sumtbngs of 1 km and 10 km radius. A radius of
1 km refers to local emissions, whereas a radius0dtm covers also medium-range transport and
pollutant accumulation. The population within aimdof 10 km separates the following types of
areas: Remote area, Rural area, Urbanised arege Caty area. These areas are subdivided according
to the population number within a radius of 1 kesuiting in a total of 8 classes.

3. Test of the classification method using Austrianlata

The classification method has been tested using RM10 and Ozone monitoring stations in Austria
and the Netherlands. For each of the three emissitegories — local road traffic, domestic heating
and industry — three classes have been separdtedldss boundaries have been selected based upc
the distribution of the classification parameter lmcal road traffic and domestic heating; indutri
sites have been classified into the classes “lavd’ ‘@anedium” using model results and estimates from
various sources.

Table 1 lists the number of monitoring stationsdach of the three classes of traffic, domestitihga
and industrial emissions, and the average, M@ncentrations for each class for 2003 and 2004 in
ng/m3. Table 2 gives the cross-classification atiogy to traffic, domestic heating and industrial
emissions of NOX.

Table 1: Classification results for 182 Austrian NQ monitoring sites, separate presentation for
traffic, domestic heating and industrial emissionsNumber of stations per class, average
concentration per class for 2003 and 2004.

Class “low” Class “medium” Class “high”
Number NO2 (ug/m3) Number NO; (ug/ms3) Number NO2 (ng/ms3)
2003 2004 2003 2004 2003 2004
Traffic 95 23 24 29 37 35 12 51 51
Domestic H. 61 28 27 61 39 39 14 41 38
Industrial 127 38 36 9 34 35 0

Table 2: Cross-classification according to trafficdomestic heating and industrial emissions of
NOx. Number of stations and average N@values 2004, pg/ms.

Traffic low Traffic medium Traffic high
Number NO; Number NO; Number NO;
(Hg/m3) (Hg/m3) (Hg/m3)

Domestic Industrial low 49 13 5 30 4 45
H low Industrial medium 3 22 0 0
Domestic Industrial low 34 23 17 36 5 52
H medium Industrial medium 2 32 2 39 1 53
Domestic Industrial low 7 29 4 37 0
H high Industrial medium 0 1 31 2 54




Average NQ concentrations are clearly related to the clas#ifhin according to local road
emissions. The relation of the N@oncentrations to the classification accordingdtmestic
heating emissions is less distinct, the medium higth class of domestic heating differ only
slightly. This might be due to an underestimatib@mestic heating emissions, as well as due to
the fact that traffic emissions exert a major iafltae on urban Nfxoncentrations. In the sub-class
“low traffic”, there is a clear relation betweeneazge NQ concentrations and the domestic
heating classification.

The average N©concentration shows no relation to the classificaiaccording to industrial

emissions; the influence of those is supersedeailynly traffic contributions. In the sub-class
“low traffic”, and for all three classes of domeshieating emissions, the M@oncentrations are

clearly related to the industrial emission classition.

Comparing these classification results with thepé&yof station” classification according to the
Exchange of Information Decision (97/101/EC) — whis in Austria done by the provincial
authorities who run the monitoring networks, in getion with the Umweltbundesamt — shows
quite good relation between “traffic stations” aaling to Eol and “class high” for NCaccording

to the traffic parameter developed in this studywdver, mismatches occur at some rural
highways, for which the traffic influence is ovetiggted in the Eol classification, and urban and
suburban trunk roads, at which the traffic influems underestimated in the Eol classification.

The industrial influence related to N@nd PM10 is overestimated widely by the Eol cfassion
“industrial”’. The Eol classification is not pollutaspecific, and the classification “industrial” is
often attributed to SPand heavy metal emissions which do not correlatea WOx and PM
emissions.

4. Definition of Representativeness

Dir. 96/62/EC requires the assessment of air qutdibughout the territory of Member States of
the European Union. Since monitoring stations aiatpneasurements, methods for assessing air
quality for the whole area are necessary.

Representativeness in this study is related toarimit/target values laid down in EC legislation.
It does not refer to information or alert valuekated to a time resolution of 1 h; quite different
methods to estimate the representative areas d¢nlewctime scales — which much higher spatial
variability — would be necessary.

The task of the assessment mepresentativenessaims at the delimitation of areas of the
concentration field witlsimilar characteristics at specific locations. Characteristics, the sirtia
of which is being investigated, can either be cotregion levels, (statistical) properties of the
measured AQ data, or external parameters influgnéh@, like emissions and dispersion
conditions.

We will use the following general definition of repentativeness based on two criteria:

0 The concentration parameter (annual mean and anmeatentile) is below a certain
threshold
0 The “similarity of concentrations” is caused by caron external factors.

Thenumeric threshold valuesfor averages and percentiles are proposed at @DtPe total range
of values observed in Europe. This means thatdtaed observed concentration range is separated
into 10 classes. Based on the whole European da@isBase) of NQ, PM10 and Ozone for the
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years 2002 to 2004 (excluding some extremely higml® values in FYR Macedonia) the
concentration range observed in Europe (i.e. EURS Romania and Bulgaria) will give the
concentration boundaries listed in Table 3.

Table 3: Recommended concentration range for “repreentativeness”.

NO, difference between annual mean values 10 pg/ms3

PM10 difference between annual mean values 10 pg/ms3

PM10 difference between annual 90.4 percentile of daily mean values 16 pg/ms3

Ozone difference between annual 93.2 percentile of daily maximum 8-hour mean | 18 pg/m3
values

In order to avoid “similarity by chance” in one yegaut not in another year — due to e.g. inter-
annual variations of meteorological conditions e thniterion has to be fulfilled over a few years.
The length of the appropriate time period will lject to the further development of the method
and the evaluation.

For NOx (which covers a concentration range of ntbas 300 pgN@m?), a range of 10% of the
total concentration range observed in Europe isuseful. NOx is of relevance only at monitoring
sites where the limit value for the protection egetation and ecosystems applies, which means
rather remote from NOXx sources and at quite lowceantration levels, which exceed the limit
value only in rare situations. Therefore it is pyepd to use the same rangeN@x as for NG.

Generally it has to be kept in mind the numeric uak for the thresholds used for the assessment
of representativeness are, in any case, arbitraoysome extent. Choosing different numeric
threshold values will lead to larger/smaller classend areas of representativeness.

The 2" criterion — “similarity due to common reasons”s-a proposed element of the definition,
since similar annual mean values or percentilesbeanbserved by chance at different locations
due to the combination of quite different exterfadtors like emissions, dispersion, long-range
transport, formation or depletion.
Therefore, the following external parameters aeduss criteria for the delimitation of the area of
representativeness:

emissionsfrom different types of sources (related to tressification scheme),

climatic and topographic dispersion conditiongncluding local building structure,

a maximum extension of the area of representativeness, related tesp@h and chemical
transformation in the atmosphere.

Dispersion conditionsin this context are related to the topographicggaphic situation and the
local building structure/street geometry which geg the dispersion/accumulation of pollutants.
They cover various scales:

Local environment <100 m Street geometry, local building structure and topographic
situation, forest

Regional environment <10 km Valleys, basins, planes, coastal areas, .........

Large-scale >10 km Large-scale topographic and climatic region

We propose to separate the following types of ‘leaavironment” for kerb side locations (and
perhaps for industrial locations), at which thepdision of local emissions is a key factor for the
local pollution level: Street canyon; one-sided pawet buildings; detached buildings; flat terrain;
exposed location. For background sites, a separatiobuilt-up and flat terrain is considered
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sufficient. For the “regional environment”, differtetypes of plane, hilly, mountainous and costal
terrain are to be separated.

The large-scale topographic/climatic units cover ¢éhe Alps north and south of the central ridge,
the Po Valley, the Pannonian Plane, the BohemiassN|ar the German Mittelgebirge.

The chemical transformation of air pollutants —ethimeans both removal and formation — of the
major pollutants considered in this study (N®M10, Ozone) covers a temporal scale less than
one day (average atmospheric lifetime of about I8rhNO,) This distance is considered the
maximum extensionof the area of representativeness of a monitaiation. For the extra-Alpine
parts of Austria, the respective distance is ald®@@ km, derived from the analysis of backward
trajectories.

5. Assessment of Representativeness

To determine the pollutant concentration at allnpoiin space, there are in principle two
possibilities:

1. determining the pollutant concentration using aialgy modelling;

2. determining the pollutant concentration based arogate data which themselves are available
spatially. The assessment of the concentratiomilolision based on surrogate data, often called
parameterisation, can be, in fact, addressed asphesmodelling technique.

Input data for the parameterisation of concentratican be

emission data(emission densities), or surrogate data for emiss(such as traffic information
or population density),

parameters  triggering dispersion:  meteorological or  climatological data,
topographical/geographical information, buildingusture, etc.
Obviously, these data are also input for modelling.

There have been different methods developed forasessment of concentrations based on
surrogate data covering different levels of sophistication fromsing land-use information to
simple modelling techniques. Such assessment metteodalso be used to estimate the emissions.
The test and validation in the study use a simpiepigcal relation between measured
concentrations and basic geographical information

Topography
CORINE Landcover
TeleAtlas functional road classes
Population per municipality
to estimate both concentrations and emissions.

This simple method, however, can only be applieddioal and small-town locations, with only a
coarse representation of traffic influence. Foramrtareas, much more precise information about
both emissions and concentration patterns is dakent

6. Validation of the assessment of representatives®
For the validation of the method for representaigss assessment, monitoring stations and model

results from Austria, the Netherlands and Englaagehbeen used. The most thorough validation
was possible for Austria, since input data weretreasily available.



As an example, the area of representativeness Zon®©for the rural site Annaberg (900 m) may
be delimited according to the large-scale topogapégion “Northern Alps”, or by a circle of
100 km around the monitoring site. The area ofesg@ntativeness covers, in any case, rural areas

in elevated, but not high alpine terrain.

Table 4: Criteria for the delimitation of the representativeness area for Annaberg, Ozone.

Large-scale delimitation Northern Alps in a circle of 100 km radius

Regional dispersion conditions absolute altitude between 500 m and 1500 m

Local exposure situation CLC classes 1. excluded

Emissions from road traffic TeleAtlas: Vicinity of Functional Road Classes 0 to 4 excluded

; )
umweltbundesamt
o

Figure 1: Area of representativeness for Annab&@gone. The green area covers the large-scale
topographic region “Alps north of the central Algimidge”, the blue circle covers 100 km radius
around Annaberg. Areas with absolute altitude bel®® m or above 1500 m are excluded.

For the city of Klagenfurt (90.000 inh.), model ults at high resolution for NOx and PM10 are
available. The model data enable a detailed deltioit of the area fulfilling the concentration
criterion related to the two monitoring stations skbatstrale and Volkermarkterstrale. As a
surrogate information both for domestic heating s=mins and the building structure around the
stations KoschatstraRe and Volkermarkterstrale, @@RINE Landcover class 1.1.1
“Discontinuous urban fabric” can be used. The areaepresentativeness shown in Figure 2 is
based upon the combination of the areas fulfilling concentration criterion and the CLC class

1.1.2.



Figure 2: Approximate areas of representativeneds tlwe monitoring sites Klagenfurt
KoschatstralRe (yellow) and Voélkermarkterstrafie Xfed NO..



