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Spatial Representativeness in the Literature

"Representativeness is the extent to which a set of measurements
taken in a space-time domain reflects the actual conditions in the
same or different spacetime domain taken on a scale appropriate for

a specific application.”
(Nappo et al. 1982)

“"[the area of representativeness] ... is the area in which the
concentration does not differ from the concentration measured at

the station by more than a specified amount.”
(Larssen et al. 1999)

"A monitoring station is representative of a location if the
characteristic of the differences between concentrations over a
specified time period at the station and at the location is less

than a certain threshold value.”
(Spangl et al. 2007)
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Spatial Representativeness in the Literature

“"A point measurement is representative of the average in a larger
area (or volume) if the probability that the squared difference
between point and area (volume) measurement is smaller

than a certain threshold more than 90% of the time.”
(Nappo et al. 1982)
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Spatial Representativeness in the Literature

“"A point measurement is representative of the average in a larger
area (or volume) if the probability that the squared difference
between point and area (volume) measurement is smaller

than a certain threshold more than 90% of the time.”
(Nappo et al. 1982)
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® l A unified definition?
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Possible definitions of Spatial Representativeness

A set of spatial points X is considered the representative area of a
monitoring station s, located at X, if:

f x —F x,|£6 V XeX

o: threshold value (e.g., in ug/m?3)
f(x;): concentration estimated at x;
f(x,): concentration estimated at X,

Depending on the application, important extensions of such definition
can be required to account for:

« The uncertainty of measurement for f(x,)
« The uncertainty for the estimation of f(x,)

« The probability of exceeding the threshold value ¢ within in a time
series




Possible definitions of Spatial Representativeness

A set of spatial points X is considered the representative area of a monitoring
station s, located at x, if

fx —f X |6 V xeX

o: threshold value (e.g., in ug/md)
f(x;): pollutant concentration estimated at x;
f(x,): pollutant concentration estimated at x,

Depending on the application, important extensions can be required to
account for:

» The uncertainty of measurement for f(x,)

» The uncertainty for the estimation of f(x))

* The probability of exceeding the threshold value ¢ within in a time

series

Contingent upon the definitions used in detail, this might introduce additional
dependencies of the representative area from:

« The actual value of f(x,)

* Time

« Integration time scales

« Meteorological variables
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Possible definitions of Spatial Representativeness

Certainly, the extent of the area of representativeness depends on its
definition.

Different definitions might suit different users.

Different definitions might be required to suit different purposes (?):
« Model calibration and model validation
« Design of monitoring networks
« EXxposure assessment
« Statistical evaluations
« Regulatory purposes and legislation
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Possible definitions of Spatial Representativeness

"Representativeness is assumed to be stable over time periods of at
least one year (i.e. not related to shorter time periods).
Representative areas may change slightly from year to year and to a
larger extent over periods of several years due to changing

emissions.”

Proposal for the definition and criteria of representativeness in UBA Austria
(2007)

cited in the JRC- AQUILA Position Paper “"Assessment on siting criteria, classification and
representativeness of air quality monitoring stations” (SCREAM)

According to this proposal, the representative area of a monitoring site is
defined by:

1. concentrations within a given range
2. similar reasons for this concentration (similarity approach)

Joint
Research
Centre
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Spatial Representativeness in the EU Legislation
Monitoring criteria laid out in the Air Quality Directive

Annex V of Directive 2008/50/EC.:

Sulphur dioxide, nitrogen dioxide, oxides of
nitrogen, particulate matter, lead, benzene and
carbon monoxide:

Minimum number of sampling points for fixed
measurements mainly depends on:

« The current Air Quality status (max.
concentration related to the lower and
upper assessment thresholds)

« The population of an agglomeration or
zone

Joint
Research
Centre
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Spatial Representativeness in the EU Legislation
Monitoring criteria laid out in the Air Quality Directive

European
Commission

Annex V of Directive 2008/50/EC:

Sulphur dioxide, nitrogen dioxide, oxides of nitrogen,
particulate matter, lead, benzene and carbon monoxide:

1. Diffuse sources

Population
of agglomeration
or zona
{thuusands)

If maximum concentrations exceed the upper

assessment threshold (O

i maxinim concentrations are between the
tpper and lower assessment thresholds

Pollutants except PM

PM (%) (sum
of PM, and PM, )

Pollutanits excapt PM

PM &) (sum
of PM,,, and PM, )

(3-249 1 2 1 1
253-499 2 3 1 2
500-749 2 3 1 2
750.99% 3 4 1 2
1 000-1 499 4 & 2 3
1 5001 999 7 2 3
20007 749 ] 8 3 4
2 750-3749 : 10 3 4
3750-4 749 & 11 3 s
4 750-5 999 9 13 4 i
= 6000 10 15 4 7

po——
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Spatial Representativeness in the EU Legislation
Monitoring criteria laid out in the Air Quality Directive

Annex VIII of Directive 2008/50/EC

Macroscale siting for ozone

Type of station
Urban

Suburban

Rural

Rural background

Representativeness
A few km?

Some tens of km?
Sub-regional levels
Some hundreds of km?
Regional / national / continental levels
1000 to 10 000 km®
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ANNEX VIl

Criteria for dassifring and locating simpling poins for asscssments of azone concemrations

The following apply to fived measureraents:

A Macroscale siting

Repressntatiye

Type of sation Ojeceives of msasars B
Urban Protection of human aealth: A few Away from the influence of local emissions such
. s traflc, peirol siations, eic
to assess the expasure of the
when populetion 9 cuone, Le vened locations where well mixed foves can be
reasured:
bigh and seprescntaive of e ocations such as residential and commercil
e of e e popals s of ctes, parks (way from the tes), big
pxia st or squizes with vary lie ot 1o trafc.
apen areas characteristic of educational, sports
or revrestion fci
Subuwbzy | Procacton of buman heskth end | Some tms | At a cerais distence from the aves of maslrum
egetati of b’ issions, dewnwand follownng e mary wind
directiondirections during Condions favout-
to s e e of e frinprp ik
rupuh‘mn vegetuton
located i the ouwskirts of the where population, senskive crops or il so-
meration, where he ighest systems ocated 1 e oncer fringe of  agglone
omne levels, to which the popu- exation are expased to high ozone levels;
lation 2ad yegetation are kel o
e Gl o mdmertly expesed whese eppropriae, some suburban stations dlso
i upwind of
onder o dtervatethe egioual background leve
s of ozone
Rurl Procection of uman health and | Sub-regionsl
wegetation: evels
to asies the exposure of populi- | {some
tion, crops and neturl cconys | huededs | represenative for ozoae away from the il
toms to sibregianal scae ozone | of k) | ence of immediate local emisars sach as indhus-
‘concentrations trial installations and roads;
at ope area sices, b mot om sumenis of hgher
Tountsins
Rural cion of vegetation and | Regional] Station located in aseas wich lower populition
backgrownd | hurnan heak: nsional] | desity, e, with natural ecaspstern, foress,a¢
continental | & distance of et least 20k from wrban and
i s L xposute of aope | feely ndstrial areas ind away from Jocal ervssons,
and  naturl  eco:
regionalcde osene ot | (000 ta | avoid oratiens which e sabject o locally

tians as well ss exposure of the

popalation

10600 ke

enhanced formation of ground-nesr mversion
conditions, ako summits of higher mountains;

constal sites with promounced diamal wind
ayches of local character sre not recommended.

{4 Sampling poines thoni, where persile, be

vty

For rusal and rural background stations the loc:

rate. be coordinated with the montioring
2006 lzymg down detailed rufes for the

toring of forests and enviroamental inferactions in e Coramunity (')

112006, 5. 1.
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Spatial Representativeness in the EU Legislation
Monitoring criteria laid out in the Air Quality Directive

ANNEX II of Implementing Decision 2011/850/EU:

(D) Information on the assessment methods:

(16) Spatial Extent of representative area (data type
‘Spatial Extent’) (where available)

(17) Evaluation of representativeness (where available)

(18) Documentation of representativeness (web link)
(where available)
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Spatial Representativeness in the EU Legislation

Guidance on the Commission Implementing Decision laying down
rules for Directives 2004/107/EC and 2008/50/EC:

(IPR - Implementing Provisions on Reporting)
furthermore states that:

« “"There is as yet no definition of the spatial representativeness
of monitoring stations in the AQ legislation and there is a need
to develop tools for its quantitative assessment.”

« “In 2007, a study was conducted for the Commission by the
UBA Austria to investigate ways of facilitating a more
harmonized approach to the classification of monitoring
stations (Spangl et al. 2007).”

« “A recent paper of Joly and Peuch (2011) described another
method based only on the past time series of the measured
pollutant.” (remark: linked to classification)

« “"The evaluation of representativeness will be further evaluated
in the framework of the collaboration between AQUILA /
FAIRMODE. Once this analysis is concluded, a final
recommendation will be included in this guidance.”

16
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“"SCREAM"” Position Paper (2013)
Summary about discussions and considerations related to

o siting criteria for AQ monitoring sites
. classification of AQ monitoring sites
J representativeness of AQ monitoring sites

points out that:

« “Since air quality assessment is mainly based on monitoring at
distinct locations, it is necessary to extend this point information to
spatial information”.

« “So far, a definition of the spatial representativeness of monitoring
stations is still missing in the AQ legislation and there is a need to
develop tools for its quantitative assessment.”

(JRC- AQUILA Position Paper: “"Assessment on siting criteria,
classification and representativeness of air quality monitoring
stations” )

Joint
Research
Centre
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Brief look at some lessons learned from previous
FAIRMODE activities:

FAIRMODE 2011 survey to elicit expert opinion on the spatial
representativeness

“"For what horizontal area surrounding a monitoring station
(represented by a circular diameter) do you consider the given
station classification to be representative, for the given averaging
period?”

“A survey to elicit expert opinion on the spatial representativeness of
ground based monitoring data”
Compiled by Nuria Castell Balaguer and Bruce Rolstad Denby

Joint
Research
Centre
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FAIRMODE 2011 survey to elicit expert opinion on the spatial

representativeness

“A survey to elicit expert opinion on the spatial representativeness of ground based
monitoring data”

Compiled by N. Balaguer & B. Denby

Joint
Research
Centre
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FAIRMODE 2011 survey to elicit expert opinion on the spatial
representativeness

« A total of 16 people replied to the survey.
« 7 people completed the tables suggested.

« Most of the participants contributed with a comment or a scientific
paper for further discussion.

“A survey to elicit expert opinion on the spatial representativeness of ground based
monitoring data”

Compiled by N. Balaguer & B. Denby

Joint
Research
Centre
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Average
Compound: PMy,
~ Averagingperiod
Maximum
10500 19500 29286 Compound: PM,,
- 5000 6500 11333 30000 30000 50000

10000 10000 20000
- 2940 3383 6629
8000 9000 20000
50 250 2500
Industrial 260 1025 2400 1000 5000 10000

500 5000 10000

. -

B s w
B, w e e
Tefic 15 w2
(ndustriadl 50 50 50

“A survey to elicit expert opinion on the spatial representativeness of ground based
monitoring data”

Compiled by N. Balaguer & B. Denby

Minimum
Compound: PM,,

Joint
Research
Centre
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FAIRMODE 2011 survey to elicit expert opinion on the spatial
representativeness

Three points frequently repeated in the comments:

1. Scientific objective methodology is required to determine the
spatial representativeness of a monitoring station.

2. There are more parameters that should be considered when
assessing the area of representativeness and that are not
included in the table.

3. The concept of circular area of representativeness is not
applicable.

“A survey to elicit expert opinion on the spatial representativeness of ground based
monitoring data”

Compiled by N. Balaguer & B. Denby

Joint
Research
Centre
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Our own research activities in this context:

Automatic screening tools for the recognition of anomalies in AQ
monitoring data based on attribute values and spatio-temporal
relationships
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Our own research activit
Automatic screening tools for the recognition of anomalies in AQ

this context:

monitoring data based on attribute values and spatio-temporal

relationships
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Automatic screening tools for the recognition of anomalies in AQ
monitoring datasets based on attribute values and spatio-
temporal relationships

Identification of spatio-temporal anomalies

« Indicators for evaluating the consistency of station
classifications

Germany (2001 - 2010) Spain (2001 - 2010)
100% — 100% " 5 i
© % abnormal records © % abnormal records | AirBase Background Stations: Year 2001 until Year 2010
— % ified rd — % ified rd &
s unverified records . unverified records . U . X
£ £ S - 7
° ° & .
§ oo g oo s ¢
1.0 1,03 L :
5 0% o 5 4% ’ h P
] c 4 o 4
8 8 . 3 ° ﬁ
< <« 4 o
20% 20% ; Pe.Q ofe
™1 A B & o
50 100 50 200 250 300 350 0 20 40 B0 B0 100 120 140 160 180 : ° ﬁ.. 9800 © %
Ranking of 322 Background Stations Ranking of 171 Background Stations °°
9 kg 9 kg "®o po?
° 4 :
France (2001 - 2010) United Kingdom (2001 - 2010) ~... L f o
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100 © % abnormal records o O % abnormal records ‘..t ) R Zstere caton
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Our own research activities in this context:

Uncertainty of measurement evaluated by using the estimated

nugget variance

Comparison to the

data quality objectives

Identify trends over time in the nugget variance to

investigate improvement (or worsening) of the uncertainty

of measurement

L

-
N

Semivariance y(l)in (ug/m?)?

| E— ARSI S e o s s s S
H H H | h H H L :l H H H

B e et

f l<a r() = C+C[15/ 05(/)3

Range of spatlally

corelated measurements

Nugget
) 0.1 0.2 0.:3 0.:4 aIO::S

Lag distance in degrees
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Our own research activities in this context:

The nugget variance is reflecting fluctuations of the
measurements at very short distance (towards 0).

2 . S 2

nugget meas
uncertainty of measurement micro-scale variance
variance associated with the variability that occurs at distances
sampling and analytical variability lower than the shortest sampling

distance (continuity).
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Our own research activities in this context:

Uncertainty of measurement evaluated by using the estimated
nugget variance

« Comparison to the data quality objectives.
« Identify trends over time in the nugget variance to

investigate improvement (or worsening) of the uncertainty
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Contributed slides by S. Galmarini and E. Solazzo (JRC)
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Contributed slides by S. Galmarini and E. Solazzo (JRC)

At the 2013 Fairmode Plenary in Antwerpen, S. Galmarini proposed
the transition of SG1 from Observation/Model to Spatial
Representativity as a more fundamental problem to be tackled
first (as also emerged from the SG1 activity lead by Bruce Denby
up until that moment) and took the leadership of the SG

We present the work performed by E. Solazzo, O. Kracht, M. Gerboles
and S. Galmarini (from May 2013 to Dec 2013) on the topic using
data kindly provided by CERC (D. Carruther and J]. Stocker)

A technical note is published and is available upon request in e-
format (email stefano.galmarini@jrc.ec.europa.eu)
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Contributed slides by S. Galmarini and E. Solazzo (JRC)
Geo-statistics methodology for assessing how the concentration at the
receptor is spatially associated with the concentration in its surroundings

To overcome the sparseness of observational data we used the concentrations
predicted by the ADMS model for the city of London as a proxy

ADMS provides high temporal and spatial resolution of surface concentration
Of PM 10, N02 and 03 ANNUA!.AVEBAGEPNOZICONCENTRJ‘RHON‘IONDONZUll‘B(ugh‘nal ‘
e L d LML

160000
BACKGROUND

< TRAFFIC

[] INDUSTRIAL

505000 512500 520000 527500 535000 542500 550000 557500

Joint
Research
Centre
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Contributed slides by S. Galmarini and E. Solazzo (JRC)

The “point-centred variogram” tool: estimates the range at which the evolution
of variance becomes flat.

Parameters can be derived from the fit of the data depending on the hour of
the day (averaged over the whole year) and direction.

Results so far show great directionality dependence of the range (aligned vs.
normal to the street axes).

Current work is devoted to further test the robustness of the methodology and
to put together a journal paper.

LON DON BEXLEY PM1 0 2008 Experimental variogram and fitted variogram model

0180 30-210 60-240

% I = o, o
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Contributed slides by Laure Malherbe (INERIS)

33



|||||||||‘|||||||||£||||||||‘|||||||||‘|||||||||L||||||||||||||||£|||||||‘|n||n|J|||||||||L||||||||‘|||||||||‘
' Assessment of spatial representativeness
»  Objective: delimitation of representativeness areas

»  Method: Kriging with external drift (passive sampling survey with covariates) (Bobbia et al.,
2008; LCSQA, 2007, 2010-2012)

Carte de Tours Année : 2011

City of Tours. NO,. Passive sampling Sl rprésenai - Jgyo
survey conducted by Lig’Air around a AR ISR R e = o o
traffic monitoring station. Measurement ~ []° " ;
period: all the year 2011. - X N _—
- y . = N o

‘ 4 L 2 1 « E_

X g e )

A
/[
i
[
B
g
e

475419 ATEODY 476508 AT71B9 &S

Background map: kriging Statistical adjustment for Estimated representativeness
with NO, emissions and traffic points area for NO, annual average
population density as concentration.

Crrox 2 external drift.

» Requirements: dense sampling campaigns.
»  Spatial scale: local and urban.

» Applications: mostly adapted to NO, or benzene annual, seasonal or monthly average
concentrations. Requires information on the uncertainty of the concentration map.

INE-RIS

maitriser le ri
un déve Ippm nt dur bll

Laboratoire Central

de Surveillance de le Qualité de I'Air



O Study of station classification

»  Objective: further qualifying monitoring sites as a function
population density, emissions...) and/or the measured data

ETC/ACM study (2012-2013):

LDA classification based on the temporal variability
of concentrations.

Application of the methodology developed by Joly
and Peuch (2012) to AirBase v6 and update with
AirBase v7.

Result: pollutant specific classification,
from 1 (rural behaviour) to 10
(behaviour mostly influenced by urban
traffic)

Requirements: historical time series (at least one year)
of hourly values which fulfill certain quality criteria on
missing data.

> Possible users:

data assimilation, mapping...

of their environment (land use,

%

1 2 3 4 5 6 7 8 9 10

Classification of PM;, monitoring
stations according to Joly & Peuch
(2012) methodology

v’ data providers: to identify specific situations which might need investigation
v' modelers: to make appropriate selections of stations e.g. for model validation,

INERIS

maitriser le risque |
pour un développement durable

v\\” European Topic Centre
";’) on Air Pollution and

Climate Change Mitigation
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First aims of the Cross-Cutting Activity

Objectives for the discussions today and in the course of the technical
meeting in April 2014:

« Identify current needs within the FAIRMODE
community directed to the fields of spatial
representativeness, station classification, and
related topical areas.

« Identify the interests in collaborations.

« Evaluate the interest to work towards
methodological comparisons (example given, on
shared datasets).
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From the FAIRMODE proposed 2014 - 2016 roadmap:

Cross-Cutting Activity on spatial representativeness:

» Existing methodologies and current needs within the FAIRMODE
community?

» Support the development of the MQO: a methodology to assess the
spatial representativeness of measurement

« Improvements of the model evaluation methodology: a methodology
to automatically screen for anomalies within records of AQ
monitoring datasets will bring a clear benefit for choosing monitoring
sites for model evaluation purposes.

Joint
Research
Centre

37



European
Commission

From the FAIRMODE proposed 2014 - 2016 roadmap:

Cross-cutting activity on spatial representativeness:

« Evaluate the feasibility of methodological comparisons (example
given, on shared datasets). However, the methodological diversity of
the different approaches might impose significant limitations in this
regard.

« Assessing the representativeness of source contribution estimates
derived from field data is essential for their proper interpretation.
Interest has been expressed to explore the opportunities to review
the progress in this subject within the FAIRMODE community.

Joint
Research
Centre
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First aims of the Cross-Cutting Activity

Objectives for the discussions today and in the course of the technical
meeting in April 2014:

« Identify current needs within the FAIRMODE
community directed to the fields of spatial
representativeness, station classification, and
related topical areas.

« Identify the interests in collaborations.

« Evaluate the interest to work towards
methodological comparisons (example given, on
shared datasets).
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Area of representativeness vs zone of exceedance

(area of the exceedance, e.q. in Annex XV (public information) of
Directive 2008/50/EC)

The “area of exceedance” needs to be distinguished from the “area of
representativeness”.

The exceedance zone is indeed linked to:

« The area of representativeness around a monitoring station

 The magnitude (measured concentrations) of the exceedance
event

Depending on the chosen definitions, the exceedance area may be
larger than, smaller than or intersect the representativeness area.
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