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Intercomparison Exercise: 

Spatial Representativeness of Ambient Air Quality Monitoring Stations 

 

Introduction and Background 

Oliver Kracht (JRC) 
 

Part I:  

 Survey about methodologies for estimating the spatial representativeness (SR) 
of air quality monitoring stations (AQMS) 

 Feasibility study for a prospective intercomparison exercise 

Introduction 

Spatial representativeness of air quality monitoring stations has been investigated and 
discussed intensively in the past within FAIRMODE and AQUILA. However, no well-
established procedure for assessing spatial representativeness has been identified so far. Also 
in the scientific literature, there is no unified agreement to address this complex problem.  

It is FAIRMODE’s ambition to further explore this topic and make progress in the assessment 
procedure of spatial representativeness. As a next step into this direction, we would like to 
propose the organisation of an intercomparison exercise of methods for the assessment of the 
spatial representativeness of monitoring sites. The main objective of this exercise will be to 
explore the strengths and weaknesses of the different contemporary approaches by applying 
them to a jointly used example case study. For this purpose, we would like to cover as much as 
possible of the total variety and diversity of procedures which are in use today - ranging from 
methods with moderate complexity, used for pragmatic purposes, to those which involve 
higher levels of data requirements and computational efforts. In consequence, this will likely 
imply that we need to deliberately accept that for this first intercomparison exercise the pool of 
investigated methods will not necessarily share a strictly unique definition of spatial 
representativeness. It shall actually be one of the aims of the preceding feasibility study to 
investigate about the best way to compare the outcomes of the different spatial 
representativeness methods (i.e. to evaluate if the intercomparison should rather be directed 
towards a comparison of methodologies, or towards an actual validation). 

From a regulatory point of view, directive 2008/50/EC stipulates several requirements for the 
siting of fixed monitoring stations, including considerations concerning their spatial 
representativeness. The Implementing Decision 2011/850/EU specifies in ANNEX II that 
information about spatial representativeness should be reported “where available”, as part of 
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the dataset for fixed measurement information. Reporting information on spatial 
representativeness is thus not yet strictly mandatory (“where available”) and not harmonized 
(no reference method specified). We expect that the outcomes of the proposed intercomparison 
exercise will substantially support future endeavours towards a harmonized methodological 
framework to facilitate the reporting of spatial representativeness by the Member States. It is 
furthermore anticipated that increasing the harmonization, consistency and transparency of the 
methods will also serve as in important factor in motivating future reporting of spatial 
representativeness within the established exchange of information. 

Legal Reference / Existing Regulations and Requirements: 

Systematic monitoring and collection of meaningful datasets of ambient air quality is a 
mandatory requirement for efficient air pollution management and robust decision making. 
Since the entry into force of the Council Decision 97/101/EC, and the amendments stipulated 
in the Commission Decision 2001/752/EC, European Member States have been obliged to 
monitor and reciprocally exchange measurements of ambient air pollution. However, the 
collection of high quality datasets with suitable spatial coverage poses many challenges in 
terms of data quality and network configuration. In fact, the European Commission has worked 
intensively on the implementation of a harmonized programme for the monitoring of air 
pollutants. The harmonization program relies on the adopted European Directives 2008/50/EC 
and 2004/107/EC. These Directives endeavour to improve the quality of measurements and 
data collection, and to ensure that the information collected on air pollution is sufficiently 
representative and comparable across the Community. Directive 2008/50/EC furthermore 
points out the importance of using common criteria for the classification, number and location 
of measuring stations for the assessment of ambient air quality. Within this directive, different 
provisions concerning the siting of fixed monitoring stations are given. Those include several 
considerations about the order of magnitude of the spatial representativeness. However, no 
detailed provisions on the methods for assessing the spatial representativeness are provided. In 
this context, the Commission Implementing Decision 2011/850/EU (IPR) lays down rules 
regarding the reciprocal exchange of information and reporting. The IPR stipulates that 
Member States shall also make available information on the quality and traceability of the air 
quality assessment methods. For fixed measurement stations, this shall include (where 
available): (i) the spatial extent of the representative area (geometric description), (ii) the 
evaluation of representativeness (interpretation of the representativeness area and constraints 
for using this information), and (iii) the documentation of representativeness. However, again 
no detailed information on the methods for assessing the spatial representativeness is specified. 
In fact the Guidance on the Commission Implementing Decision 2011/850/EU (provided by 
DG ENV in version of 15 July 2013) explains 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”. It furthermore notes that “… the evaluation of 
representativeness will be further evaluated in the framework of the collaboration between 
AQUILA/FAIRMODE”.  
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Links between Spatial Representativeness and Classification of Air Quality Monitoring 
Stations: 

A consistent classification of AQ monitoring sites across Europe is an important condition for 
a meaningful interpretation of data and for a harmonized assessment of trends and evolutions. 
Furthermore, the spatial representativeness of air quality monitoring stations is often closely 
related to the site classification. In fact, knowledge about spatial representativeness is 
frequently required as a prerequisite for the decisions to be taken about the classification of a 
monitoring site. Example given, representativeness is one of the macroscale siting criteria for 
classifying and locating sampling points for the assessments of ozone concentrations stipulated 
in ANNEX VIII of the directive 2008/50/EU. It was thus decided that the proposed 
intercomparison study on spatial representativeness shall also aim to evaluate the links 
effectively existing in current practice between spatial representativeness and the established 
monitoring site classification schemes. 

Links between Spatial Representativeness and the Area of Exceedances: 

The concept of spatial representativeness is furthermore related to - but not necessarily 
identical to - the area of exceedance (the Member States’ obligation to provide the public with 
information about the location and area of the exceedances being stipulated in ANNEX XVI of 
EC/50/2008). Where applicable, we would therefore like to encourage including those methods 
that are directed to the estimation of the area of the exceedances into this study, too. 

Scope of the Intercomparison Exercise 

Methods for estimating the spatial representativeness can find their practical application in 
different fields and in different contexts, which basically are (i) station siting and network 
design, (ii) station classification, (iii) data assimilation, (iv) model evaluation, (v) air quality 
reporting, (vi) reporting of exceedances, and (vii) population exposure studies. From previous 
discussions (e.g. the SCREAM document1) we anticipate a significant variety of different types 
of spatial representativeness methods. For this study, we would like to include equally methods 
that are used for air quality management and regulatory purposes, methods that are used in the 
context of modelling and model benchmarking, as well as methods used in a research context. 
We expect that this set of methodologies will include: 

1. Methods which are immediately based on an estimate of the spatial distribution of 
pollutants to which a set of suitable statistical similarity criteria is then applied. The 
underlying estimate of the concentration field might basically be established in two 
different ways (or by a combination of them): 

                                                            
1 SCREAM, Assessment on siting criteria, classification and representativeness of air quality 
monitoring stations, JRC – AQUILA Position Paper. 
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a. Concentration fields derived from observed pollutant concentration, i.e. by 
using regular monitoring data and / or dedicated experimental campaigns 

b. Concentration fields derived from air quality modelling 

2. Methods which are based on pollutant proxies and / or surrogate data (e.g. emissions, 
population density, land use) in combination with a set of statistical similarity criteria. 

3. Methods which are linked to the classification of stations or sites  

The output of the spatial representativeness assessments is expected to vary from: 

1. Detailed geospatial descriptions of the area of representativeness (e.g. maps or a spatial 
polygons) 

2. Quantifications in terms of simplified geometric concepts like a radius of the area or a 
length of the street for which a station is representative of 

3. Characterisations by semi-quantitative estimates like the scale or the order of 
magnitude of the area of representativeness 

4. An estimated spatial variance or other statistical parameters 

5. Characterisations by surrogate categorical attributes (e.g. by different types of station 
classification schemes) 

6. Other means of reporting, including qualitative descriptions 

Foreseen Schedule and Mode of Operation 

It is proposed to conduct within FAIRMODE an intercomparison exercise of different spatial 
representativeness methods. The exercise shall be executed by different groups, but on the 
same shared dataset. 

So far, four working-steps have been scheduled: 

1) Feasibility study for the preparation of the intercomparison exercise:  

Timeframe: October 2014 until June 2015 

Organisation: For this step the work will be mainly in the hands of -Fernando Martin, Jose Luis 
Santiago and Laura Garcia from CIEMAT, and JRC will function as a coordinator.  

The aim of this working step is to prepare and evaluate the feasibility of the actual 
methodological intercomparison study. This shall include the identification of prospective 
candidate methodologies to be considered in such an intercomparison, the requirements on 
shared datasets, and an assessment of the comparability of the different types of spatial 
representativeness results to be retrieved. The methodological diversity of the different 
approaches is anticipated to impose significant challenges in this regard. The feasibility study 
shall therefore also aim to identify the limitations to be expected. 
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The outcomes of the feasibility study shall be presented at the FAIRMODE technical meeting 
in summer 2015. This meeting will also provide room for discussion, e.g. about the means and 
techniques to be used for comparing the different spatial representativeness methods in the 
course of the actual intercomparison study. 

 

2) Conceptualisation of the intercomparison exercise and preparation of datasets:  

Timeframe: September 2015 until December 2015 

Organisation: coordinated by JRC 

The detailed conceptualisation of the intercomparison exercise will be based on the outcomes 
of the feasibility study (step 1 described before). 

Basically it is proposed that all participants will apply the evaluation of spatial 
representativeness by their selected methods to a common shared dataset. The shared dataset 
foreseen for this intercomparison study is a set of modelling data from the city of Antwerp. 
This dataset contains information at a very high spatial (street-level) and time (hour) resolution 
for the main pollutants (PM10, Ozone and NO2) to be considered, over the whole city (about 
25km2). As a result provided from the antecedent step 1 (feasibility study), this dataset should 
be constructed such that it is adaptable to the needs of all participating methodologies. 

 

3) Conducting the actual intercomparison exercise:  

Timeframe: January 2016 until June 2016 

Organisation: coordinated by JRC, participation of groups from different Member States and 
organizations 

It is proposed to start the intercomparison exercise and circulate the shared datasets by January 
2016. The detailed timeframe to be provided for processing the data by the participants will be 
delineated based on the outcomes of the feasibility study (step 1 described before). 

 

4) Evaluating the outcomes of the exercise: 

Timeframe: July 2016 until December 2016 

A first assessment of the outcomes shall be presented at the FAIRMODE technical meeting in 
summer 2016. The detailed evaluation of the results and reporting shall be concluded by the 
end of 2016. 


