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Starting point…..

“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.
The maximum tolerable difference has to be assessed for every individual
problem; it should not be smaller than the uncertainty of the measurement.”
Nappo et al, 1982.
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We are familiar with models! so we assumed model concentrations as
“measurements” and developed a procedure for recursively comparing
concentration time series.

At each time step ti,
given the fixed site of interest with concentration C(Xsite, Ysite, ti),
at each grid point in the model computation domain, with concentration C(x, y, ti),

the relative difference between concentration values, C/C, is computed:
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and compared with a threshold: 0.2 (20%).
The concentration similarity occurs when C/C < 0.2.

A concentration similarity frequency function fsite(x,y) counts positive
occurrences of concentration similarity on the selected time interval Nt:
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Finally, the count of positive occurences of similarity on the time interval Nt is
compared with a threshold: 0.9 (90% of time instants) (Nappo et al., 1982).

On the time interval Nt,
the fixed site of interest with concentration C(Xsite, Ysite, ti) is
representative of the grid point with concentration C(x, y) if
Fsite(x,y) > 0.9

The area of representativeness of the fixed site (xsite, ysite) is the union of
the grid cells (x, y) where Fsite (x, y) > 0.9.
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frequency occurrences of
concentration similarity
(C/C<0.2) >0.9
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STRENGTHS

• BASED ON 4D MODEL CONCENTRATIONS FIELDS
• not limited to fixed monitoring locations
• all kind of pollutants, individually
• works on time series --> based on annual time series of short-time

averages (e.g. hourly NO2, daily PM10, max of daily 8-hour running
means of O3…): fit for SR assessment of short-time averages.

• precise definition of the SR shape

• FLEXIBLE PROCEDURE
• Fsite is a 3D raster field --> SR delimitation depends on the selected

threshold
• inside the SR area, the variability of Fsite allows second-level

assessment («high SR» vs «low SR»)
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WEAKNESSES

• BASED ON 4D MODEL CONCENTRATIONS FIELDS
• resolution is bound to model results
• quality of results depends on the quality of the model: meteo and

emission input, chemistry, physics, data assimilation….
• works on time series --> based on annual time series of short-time

averages (e.g. hourly NO2, daily PM10, max of daily 8-hour running
means of O3…): fit for SR assessment of short-time averages.

• to be applied to traffic stations: needs microscale modeling + some
knowledge of background concentrations….



The calculation methodology is in 3 steps:

• Application of the the CSF function
For each of the 11 studied stations, the CSF function value (i.e. the indicator 
of concentration similarity) was calculated on every virtual station, using the 
time series of concentrations (hourly for NO2, daily maximum of 8 hours 
running average for O3, daily average for PM10). The threshold on the 
difference of the single time step concentration was 20%.

• Inverse Distance Weighting (IDW) interpolation of the CSF point 
values. 
Statistical interpolation methods, i.e. kriging, were tried but distribution data 
resulted not satisfactory.

• Representativeness area assessment 
Contouring  the area where the CSF values are greater than the threshold of 
0.9 (i.e. frequency of positive occurrences of concentration similarity greater 
than 90%).
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CSF METHOD APPLIED TO ANTWERP DATASET



Station 216

PM10

NO2

Area = 157,075
Population =  28,3
O3 Standard deviation = 2,125 

Area = 0,097
Population =  165,9
O3 Standard deviation = 6,22

Type
Urban Traffic SC

Coordinates
X = 154396
Y = 211055
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Station 17

Type
Urban Background

Coordinates
X = 158560 
Y = 215807 Area = 652,205

Population = 9,6
O3 Standard deviation = 0,676
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Scope, objectives and typical use of the selected spatial representativeness (SR) 
method

1) What is the scope and the detailed objectives of your SR method used in the exercise?
Calculate an area of representativeness of a given georeferenced monitoring station

2) In which context do you typically use this method?
Provide SR for the National special purpose monitoring network
Provide Italy-Regions with a method for e-reporting request of SR 
Data assimilation/fusion

3) Are there other SR methods that you would typically use in your work on SR assessments?
No (but we have tried some others: Janssen et al. 2008, Righini et al. 2014)

4) How does the use of your method(s) relate to local / regional / national / EU-wide 
regulatory and /or legal obligations?

Provides Regions (in charge of e-reporting) with a method for quantifying SR. Regions 
are free to adopt it or not
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Maturity and fitness to purpose of the SR method used in the exercise

1) How many years of experience do you have with the specific SR method used in the 
exercise?

Since 2013, 4 years

2) How many years of experience do you have with evaluating SR in general (including 
experience with other methods?

Same as above

3) How would you rate the maturity of the SR method you have used in the exercise?
(This may reach from “rather experimental” to “well established” – please also comment on the fitness to purpose of you 
method.)

Well established for modellers: very simple  mathematical assumptions so easy to 
use, but hourly model concentration around monitoring stations, therefore 
adequate model setups, are needed.
The method answers precisely to the request of the SR area on monitoring stations.

4) Is it possible to apply your method by other institutes using the tools you have 
developed?
(e.g.: Are your tools available to others? Is there a copyright concern? What is the level of difficulty and necessary skills for 
their implementation?)

Yes. The method is published, and the software tool (based on NCL language) is 
available for the community. 
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Similarity criteria & definition of Spatial Representativenes (1)

1) Please summarize the underlying definition of SR you have used in the exercise.
Nappo, C. J., Caneill, J. Y., Furman, R. W., Gifford, F. A., Kaimal, J. C., Kramer, M. L., Lockhart, T. 
J., Pendergast, M. M., Pielke, R. A., Randerson, D. , Shreffler, J. H.,Wyngaard, J. C., 1982. The 
Workshop on the Representativeness of Meteorological-Observations, June 1981, Boulder, 
Colorado. Bulletin of the American Meteorological Society 63, 761–764.

“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”

2) Please summarize the underlying similarity criteria & threshold parameters you have used.
Similarity = difference between point measure at station and concentration value around: 20%
Number of time instants of similarity : 90% of available time instants

3) Are there other SR definitions and / or similarity criteria you would typically use in your work on 
SR?

Other SR definitions: maybe, after a first testing phase of different methods in 2013 we 
selected this one and no more tried anything else.
Other similarity criteria: probably, our two choices on thresholds are fixed (based on 
literature), it would be nice to test the sensitivity to other choices, based on scientific 
consensus.
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Similarity criteria & definition of Spatial Representativenes (2 – some details)

1) Are the boundaries of your spatial SR areas constrained exactly, or did you add some additional 
buffers or safety factors?

“Almost” exactly: the boundaries are drawn via contouring the raster layer values of fsite. So 
the precision depends on the model resolution.

2) Can SR areas of different stations overlap or are they considered to be exclusive by principal? 
They can overlap.

3) Are your similarity criteria applied one sided or two sided?
(i.e.: Are you evaluating deviations only towards higher values, or towards both higher and lower values?)

Two sided.

4) Within your estimated SR areas: is spatial representativeness guaranteed for locations of all station 
types, or only for locations of station types identical to the type of the central station?
(e.g.: 
Within the SR areas estimated for the urban background stations Schoten and Antwerpen-Linkeroever: is spatial representativeness 
guaranteed for locations of all station types? Or for locations of background station type only?
Within the SR area estimated for the urban traffic station Borgerhout: is spatial representativeness guaranteed for locations of all station 
types? Or for locations of traffic station type only? )

Not clear….However, the method does not depend on station type. Being based on gridded 
model results, it has the limitations given by the model resolution.
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Input data

1) Please summarize which part of the input dataset you have used in the exercise.
time series of model concentrations at all available locations (virtual stations)

2) Did you use additional data, not contained in our dataset?
(e.g., Street View pictures, maps from other sources, etc.)

No

3) How suitable did you find the Antwerp dataset for your method? / How suitable would you rate your 
method to be for this type of dataset?

Unfortunately the Antwerp dataset was not well fit for our method, as we use model 
concentrations on the whole calculation grid, for each model time step. Our method certainly is 
not so good for the Antwerp dataset, as it can say nothing in the areas where hourly 
concentrations are not available. The areas we have drawn are largely arbitrary, we did not 
work on a good interpolation of similarities on the selected points, as it is not part of our tool.

4) Did you miss any type of data / information in this dataset?
Yes, hourly concentrations on the model domain.

5) How does the dataset of the exercise compare to the data you would more typically use for you 
work on SR?

See above.



Intercomparison Exercise of Spatial 
Representativeness Methods

THANK YOU
antonio.piersanti@enea.it
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