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Outline & Context

Spatial Representativeness (SR)

Most basic definition:

> The representativeness area is described by the set of all locations where the
concentration of a pollutant does not differ from the measurements at the
central point (monitoring station) by more than a certain threshold.

A geostatistical approach:

» Classical geostatistical analysis would describe the spatial correlation
structure of the whole concentration field in terms of the variogram.

» The point-centred variogram is based on the average of squared
concentration differences observed in pairs formed between a particular
central point and the set of all other points in the domain.

Context:
» FAIRMODE activities on spatial representativeness (SR).

» FAIRMODE / AQUILA Intercomparison Exercise (IE) of Spatial
Representativeness Methods (SR-IE).
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A geostatistical approach to SR:

Traditional versus Point-Centered Semivariance

Traditional semivariance

11 & 2 Half the average of the squared
y(h)= ——Z[Z(Si)—Z(Si + h)] deviations between all paired
2N, 5 observations at distance h.

; Half the average of the squared

1 1 N deviations within pairs formed by a
Ve (1) SN [Z(Scp)—z(scp +h)] single central point (cp) and all
cp.h i=1 other observations at distance h
from this cp.

Point-centered variography places a monitoring station in the context
of the local or regional air quality pattern.
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Besides that: same terminology
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Context / Case study:

FAIRMODE / AQUILA Intercomparison Exercise of Spatial
Representativeness Methods

Performed by 11 different groups, but on the same shared dataset (prepared by VITO).
Existing stations for PM;, (n=15), NO, (n=18) and O3 (n=3)

Dataset based on outputs from the RIO-IFDM-OSPM model chain for the region of Antwerp (year 2012).

Virtual Stations

* 1st Selection
* 2nd Selection

Virtual stations (n=341) from hourly model data ' Ny

\uj .

1 "

Gridded model data (annual means, 5x5m?2) .".‘\“’/
S\
| C/

Emissions b ;
"ﬁ NO2
Population density g 122 Egﬁg
- . [122.7 ug/m3
Building heights m 25.; uiﬂa
[0 29 ug/m3
CORINE land cover =§§; ﬂmg
B 38.5 ug/m3
- Bl 41.6 ug/m3
“ﬂ ". Il 44.8 33123
ey =
7 "-"'
Spatial representativeness estimates for:
» PM;, and NO, at one traffic station
10 12.5 15 km

» PM,;o, NO, and O3 at two urban background stations



Case study data:

> n=341 receptor points ("virtual stations”) from hourly model data
> aggregated to 14-day averages (i.e. to emulate diffusive samplers)

» classified into street canyon (SC) and non-street canyon (non-SC)
location
cations NO,

341 virtual monitoring points proposed for the exercise

max: 1067
— 98%: 445
\ median: 26.4
2%: 16.3
min: 14.3
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annual average concentration [u,g/mg]

O 20x20m grid

file source: NO2_Redd asc
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(O street canyon (n=100) (O no street canyon (n = 241)
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Workflow:

>

>
>

Aggregate modelled time series of virtual receptors to different integration
time scales (shown here: only 14-day averages).

Log-transformation of concentration values.
Calculate the point-centered variogram clouds.

o all data pairs formed between the central point and the other virtual receptors
o 15 equidistant lag classes

o cutoff-distance of 14315 m corresponds to one third of the diagonal of the bounding box of the
total Antwerp modelling domain.

Three variations:

o all receptors (Yall”)
o street canyons only ("SC")
o non-street canyons only (*non-SC")

Fit point-centered variogram models to the clouds.
o Using a spherical variogram model
o Evaluate and filter out (remove) singular model fits (non-convergence)
Define the semivariance at the limits of spatial representativeness.

o Threshold values for the maximum relative deviation of concentrations permissible
o 25% (PMyg), 15% (NO,) , 15% (0O3) at the 20-level
o To obtain these thresholds, used the DQO of European Directive 2008/50/EC as a proxy.

Invert the variogram models to estimate the distance of spatial
representativeness (dist.SR).



Fitting the Variogram Models (examples)

Omnidirectional variogram clouds

Central Point 177 — Ozone
timestamp: 05.02.2012 00:00

Central Point17 — Ozone

timestamp: 05.02.2012 00:00

I | | | | |
o) o}
& 0.5 - station type]all — & 05 - stationtype: noSC L
«E‘ cutoff: 143156m m"E“‘ cutoff: 14315m
> 04 model: Nug, Sph > 04 model: Nug, Sph B
= o) = o)
£ £
= 0.3 — (—'} o) = 03 = o L
3 ° @ 0
o) o}
T 02 - g o © T 02 - glo - -
.g o o) _S e _
E 0.1 1 £ 01
(] ) J
n 7]
—_—
SR thresholds 10000 5000 10000 15000
digtance [m] distance [m]

y(hg) = %[ln(l + DgOD

PM,, NO, Ozone 15 lag-classes v (h=C,+C 157 =050V ] if 0<h<a
25% 15% 15 % ” ’ 1[ =05(%) ]
7 (h)=C,+C, if  h>a
-
3 uropean

Spherical Variogram Model

Commission



Fitting the Variogram Models (examples)

Central Point 17 — PM;q Central Point 17 — PM;g
timestamp: 05.02.2012 00:00 timestamp: 05.02.2012 00:00
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Exception handlings:

» Required semivariance threshold might not be reached within the range of the
variogram.

» In such cases we chose the distance of spatial representativeness to equal the
value of the range parameter.

» Other interpretations are conceivable (Yinfinite SR” ?)
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Time Series of SR-distance estimates:

dister in [km] for station Linkeroever (urban background site)

Linkeroever (v7: noSC)

1.0 | based on 14-day averages of 341 virtual receptors

(year 2012)

distgr |km|

.

Jan Mar May Jul n

' NO, by using only corresponding station types
| using all station types (noSC & SC)

Estimated distsg tends to be larger when only receptor points of corresponding
station types are considered for the analysis (as expected; more
homogeneous).

\S = European
10 P

=== Commission




Time Series of SR-distance estimates:

urban
background site

urban
background site

traffic site
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Time Series of SR-distance estimates

Linkeroever (v7: noSC)
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Might trigger questions like: Does one need
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relation to the

FAIRMODE / AQUILA SR Intercomparison Exercise

How do the estimates from the
Point-Centered Variography
compare to the outcomes of the SR
Intercomparison Exercise?

with contributions from:

José Luis Santiago & Fernando Martin (CIEMAT), Antonio
Piersanti, Giuseppe Cremona, Gaia Righini & Lina Vitali (ENEA),
Kevin Delaney (EPA IE), Bidroha Basu & Bidisha Ghosh (TCD),
Wolfgang Spangl & Christine Brendle (FEA-AT), Jenni Latikka

FAIRMODE &

AQUILA

r' FAIRMODE

rum for air quality madelling in Europe

Intercomparison Exercise on Spatial Representativeness
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Introduction

We are presenting the outcomes of the FAIRMODE & AQUILA intercomparison
exercise (IE) on the spatial representativeness (SR) of air quality monitoring stations
(AQMS). Based on a shared dataset comprising modelling data (gridded annual
means and time series for 341 virtual receptor points) and auxiliary information for
the city of Antwerp, 11 teams from 10 different countries provided their SR
estimates for PM,, NO; and O, at one traffic site and two urban background sites.
Al participants worked by their own selected methods, and by using those parts of
the data that they would normally require in their own applications. We are
demanstrating 9 out of 11 SR estimates (grey colored areas) that have been
submitted for P, at the urban background station Schoten (v17}.

ENEA: sito v17
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ISSEPAWAC: site vi7
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emission data. For background sites, total emissions
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circular window of radius 1 km, The SR area extends ta
all poits with total emission values similar ta thase at
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SLB: site viT

I

s e canen Ve

Pl SL8 defined the SR area of the urban background sites

a5 2 circular zone around the AQMS in which the
standard deviation of the modelled annusl averages
cancentration equals ta a speciiic threshold (1.2 ug/m

1 Pl gl The standard deviation was calculated on the
set of all gridded concentration valuss within this
circular buffer (no privileged role for the values of the
station in the centre). The radius was then optimi
wntil the threshold value was reached

VITO: site v17

SaEEENE
vt crcaten bl

PMyg

VITO deployed a ‘trend function’ between pollutant
concentrations at all AQMS in the region and
cover indicatar f, apliized 16 best explain the

concentration deviation for a specific AQMS, the trend
funcion s used to s 3 conespaning varaton

e SR area is determined as the set of grid cells for
iien 1) the fvalus i within i neratand that )
form a cantiguaus neig

VM site v17
PMyo

siubius
stamagn e el

o e e

) applied a cla ethod considering roa
i3 wlm domestic nrsxm lurcﬂy population uens.\y:
= industrisl emissions, and dispersion conditions (proxy:
2§ COAINE land cover) for all stations in the network. The
51 surounding of the AGMS is dwded ino smalar sud
3 g areas, each of which is lassified and compared to the
21 AQMS. Finally the SR area is calculated as the set of
1 subareas for which the weighied sum of a similriy
indicator is above a given threshold

f
i
i

‘SUMMARY & CONCLUSIONS

[ —

as well as regarding the
number of inhabitants within
these SR perimeters.

To our best knowledge, this study provides the first attempt te quantitatively
compare the range of methods used for estimating the SR of AQMS in Europe. The
considerable variability of the results obtained by the different teams concems the
size and position of the SR areas, but also the technical procedures and the extent of
input data effectively used. Yet the general concept of the area of SR proved ta be a
useful indicator to wark with, important differences revealed regarding the details of
the underlying concepts and the SR definitions employed
The major factors triggering the diversity of the SR results are amangst (1) the basic
principles of the methods, (2} the parameterizations of similarity criteria and
thresholds, (3) the effective use of input data, and (4) the detailed conceptualizations
anﬂ definitions of SR The outcomes of the IE underline the need for () a more
rmonized definition of the concept of “the area of vepresemanveness and (i)
mnmsmem and transparent criteria used for its quantification

Considerable range of variation
cancerning the size of
estimated SR areas ...
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Size and Location of estimated SR areas (NO, at site v17)

ENEA: site v17
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ENEA: site v17

EPAIE: site v17
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Interim Conclusion from the IE have been:

» The Spatial Representativeness Areas
estimated by the different participants are
quite diverse.

» The results in particular reveal an

| enormous scattering of the extent and
position of the estimated polygons.

» This diversity of results deserved a closer
look behind the scenes.
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ENEA: site v17

EPAIE: site v17
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E How to compare the PCV results with the
1 IE?

» Subject to site specific conditions and to different SR
approaches, SR areas can have quite complex,

irregular and even discontinuous shapes.
E > In contrast, the point-centered variogram method (as
i presented here) delivers on single value (distance of

spatial representativeness: distgg).

» From a conceptual point of view, the latter corresponds
to the conception of a simple circular shaped area of
F representativeness.

"} » We need to accept, that this is likely oversimplified.

» In order to compare the results, we recalculate the
PCV distszy to the surface area equivalent of a

corresponding circle.
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Conclusions (1)

Depending on the spatial scale of the investigation, the Point-centered
Variogram places a monitoring station in the context of the local or
regional air quality pattern.

The Point-centred Variogram does not, however, serve as a substitute for the
traditional variogram in the sense that geostatistical methods like kriging
require a model fitted for the traditional variogram.

Point-centred Variography can on he other hand provide wvaluable
information with regard to the spatial representativeness of air quality
monitoring sites.

We may also obtain information about the temporal variation of SR.

However, a comparison with results obtained by other spatial
representativeness approaches or based on different conceptualizations is
not necessarily simply one-to-one.



Conclusions (2)

Way forward:

The concept of a single spatial representativeness distance (dist.SR)
value implies the assumption of a radially symmetric area of spatial
representativeness. This corresponds to the use of an omni-directional
variogram.

The omni-directional approach is probably overly simplified and more
detailed information (i.e. about the anisotrophy of the variogram) could be
extracted from the data.

In future developments it would be recommendable to extend the
evaluation by applying directional variograms. Disadvantage could be the
limited number of data-pairs available in the individual directional sectors.

Thank you for your attention!






Conclusions from the SR Workshop in Athens (June 2017)

Participants agreed that the discrepancies observed in this exercise require
further efforts towards the quantitative definition of the concept of “the
area of representativeness” and in eliminating unnecessary differences
in the methodologies.

In the second part of the workshop it was therefore more intensively
discussed, if for the aim of harmonization the concept of spatial
representativeness would require a paradigm shift in its definition:

1) What are the future needs for harmonization and for establishing a
common frame of reference?

2) Is there a future need for standardization, too?

3) Beyond standardization, should the regulators / political bodies make the
use of standards mandatory?

4) Would it conversely be preferable to have at disposal a set of transparent
definitions and practical guidelines, but maintaining the freedom of
choosing the most appropriate procedures for the different particular
purposes and applications?

It was found consensus amongst participants that currently it would not
(yet) be reasonable to start discussing about (2) or (3), but that for the
mid term future the efforts of the experts community should be directed
towards (4) first.



