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Spatial representativeness

of air quality monitoring stations

( Spatial representativeness is a critical information when
— choosing the location of monitoring sites

— assessing the effects on population of short-long term exposure to air pollution (Righini et al., 2013)
( Spatial representativeness is complex to quantify because it depends on:

» ambient and local factors affecting the station (topography, emission sources,
meteorological patterns, urban/rural environment)

» the measured pollutant
» the temporal basis used to estimate the SR.

( Spatial representativeness is harmonized defined:

AQU ILA and FAIRMODE “Representativeness is the extent to which a set of measurements

i taken in a space-time domain reflects the actual conditions in the

are promOtlng the same or different spacetime domain taken on a scale appropriate for
. . ; a specific application.”
d|SCUSS|On Concerr"ng (Nappo et al. 1982)
spatial
i [The area of representativeness is ... ] "... the area in which the
representatlveness concentration does not differ from the concentration measured at
KraC ht (20 14) 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

Barcelona specified time period at the station and at the location_is less
Supercomputing than a certain threshold value.”
Centro Nacional de Supercomputacion

(Spangl et al. 2007) 2



Spatial Representativeness in the AQ EU Legislation

» Monitoring criteria in the
Air Quality Directive (2008/50/EC)

Urban A few km?2

Suburban Some tens of km?

Rural Some hundreds of km?

Rural background 1000 to 10 000 km?

(€ There is no definitions about the
“spatial representativeness” of
monitoring stations in the Air
Quality Directive.

» There is a need to develop tools
for its quantitative assessment.
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Annex VIII — Directive 2008/50/EC

Type of station

Objectives of measurement

Representative-
ness (1)

Macroscale siting criteria

Urban

Protection of human health:

to assess the exposure of the
urban population to ozone, ie.
where population density and
ozone concentration are relatively
high and representative of the
exposure of the general popula-
tion

A few km?

Away from the influence of local emissions such
as traffic, petrol stations, etc;

vented locations where well mixed levels can be
measured:

locations such as residential and commercial
areas of cities, parks (away from the trees), big
streets or squares with very little or no traffic,
open areas characteristic of educational, sports
or recreation facilities

Suburban

Protection of human health and
vegetation:

to assess the exposure of the
population  and  vegetation
located in the outskirts of the
agglomeration, where the highest
ozone levels, to which the popu-
lation and vegetation are likely to
be directly or indirectly exposed
oceur

Some tens
of km?

At a certain distance from the area of maximum
emissions, downwind following the main wind
direction/directions during conditions favour-
able to ozone formation;

where population, sensitive crops or natural eco-
systems located in the outer fringe of an agglom-
eration are exposed to high ozone levels;

where appropriate, some suburban stations also
upwind of the area of maximum emissions, in
order to determine the regional background lev-
els of ozone

Rural

Protection of human health and
vegetation:

to assess the exposure of popula-
tion, crops and natural ecosys-
tems to sub-regional scale ozone
concentrations

Sub-regional
levels

(some
hundreds
of km?)

Stations can be located in small settlements
and/or areas with natural ecosystems, forests or
crops;

representative for ozone away from the influ-
ence of immediate local emissions such as indus-
trial installations and roads;

at open area sites, but not on summits of higher
mountains

Rural
background

Protection of vegetation and
human health:

to assess the exposure of crops
and  natural ecosystems  to
regional-scale ozone concentra-
tions as well as exposure of the
population

Regional
national/
continental
levels

{1 000 to
10 000 km?)

Station located in areas with lower population
density, e.g. with natural ecosystems, forests, at
a distance of at least 20 km from urban and
industrial areas and away from local emissions;

avoid locations which are subject to locally
enhanced formation of ground-near inversion
conditions, also summits of higher mountains;

coastal sites with pronounced diurnal wind
cycles of local character are not recommended.

(") Sampling points should, where possible, be representative of similar locations not in their immediate vicinity.




Spatial Representativeness

Review of methods

Method

Passive sampling
surveys

Objective factors
(land cover)

Reference

Thornburg et
al., 2009

Janssen et al.,
2012; Piersanti
etal., 2013

Advantage

Accuracy of continuous measurement

High spatial coverage (2D)
Easily available
Urban areas

High spatial coverage (2D)

Disadvantage

Limited spatial resolution
Limited temporal resolution
Limited availability of data and
pollutant

Limited accuracy based on
statistical analyses an expert
judgement

Only long term (annual averaged)
representativeness

Limited accuracy based on

Emission Cremola et al., . L
o Primary pollutants statistical analyses an expert
variability 2013 .
judgement
High spatial (3D) and temporal coverage
(year) and resolution (1km, 1hr) Resource intensive
Modelled o L : .
: Vitali et al., Flexibility Depending on input parameters
concentration o
o 2013 Easy to cover several pollutants (emissions, meteorology)
similarity .
Secondary pollutants Shortcomings of model accuracy
Rural areas
o The same as modelled concentration The same as modelled
Semi-variogram o . o
Solazzo et al., similarity concentration similarity
of modelled : . : .
: 2014 Quantify the spatial representativeness Mathematically complex
concentration
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Objective and methods

(€ CTM are potential tools to quantitatively assess about spatial
representativeness: they have a high spatial and temporal coverage, deal with
primary and secondary pollutants, consider the distribution of pollution
sources, and take into account meteorological and topographical features
affecting the surrounding of the monitoring sites

- EVALUATION

(€ The objective is implement the “concentration similarity method” to
analyze and quantify the spatial representativeness (SR) of an air quality
monitoring network using a 1-km resolution modelling system:

— To determinate how to estimate the maximum discrepancy (DM).
— To study the influence of SR as a function of the pollutant, temporal basis and station

type.
— To analyze the effectiveness of the air quality network considering it capability to cover
most emission sources and populated area.

€ Method:

— To quantify the SR of the air quality monitoring stations of Andalusia (southern Spain) for
O3, NO,, SO,, PM10 and PM2.5 and the year 2013,

— Air quality model: CALIOPE Air Quality Forecasting System running at 1-km horizontal.
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CALIOPE: Air Quality Forecasting System

CALIOPE modules

WRF-ARWVS.5 ™ www.bsc.es/caliope
» 38 sigma levels (top 50 hPa) g X
+IBC: GFS (NCEP) .
WSCHBIEIVE - 33 Jayers/50 hPa D1 (12 km x 12 km) : ,
_J u £ b 3 "
: Sistema CALIOPE

3 g
*HERMESV2
*EU: HERMES-DIS (EMEP data)
» Spain: HERMES-BOUP

_/
*CMAQV5.0.1
* CBO5/AERO5
*BC: NCAR MOZART4
15 layers/ 50 hPa

4 y

™~
*BSC-DREAMS8bv2
*Mineral PM10 and PM2.5

) @=

CALIOPE
Pronéstico dé la Calidad del Air

\

+Kalman Filter (puntual y 2D) [ [o - 5% 'B 5
Post-process y

Air quality forecast
O3, NO,, SO,, CO, PM10, PM2.5, Benzene

Available on the
App Store
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https://play.google.com/store/apps/details?id=es.bsc.earthscience.caliope
https://itunes.apple.com/za/app/caliope/id734538360?mt=8
http://www.bsc.es/caliope

Forecasted NO,: mean concentration April

BSC-ES/AQF ARWv3+CMAQv5+HERMESv2 Nitrogen Dioxide (pg/m?)
MEAN Apr 2013 - MAD Res: 4x4km

4.4°W  42°W  4°W  3.8°W 3.6°W 3.4°W 3.2°W

BSC-ES/AQF ARWv3+CMAQv5+HERMESv2 Nitrogen Dioxide (ug/m?)
MEAN Apr 2013 - BMA Res: 4x4km
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BSC-ES/AQF ARWv3+CMAQv5+HERMESv2 Nitrogen Dioxide (ug/m?)
MEAN Apr 2013 - AND Res: 4x4km
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BSC-ES/AQF ARWv3+CMAQv5+HERMESv2 Nitrogen Dioxide (ug/m?)
MEAN Apr 2013 - MAD Res: 1x1km
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MEAN Apr 2013 - BMA Res: 1x1km
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(e) 'no2
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Air quality monitoring network in ANDALUCIA

Numero de estaciones por dominio y contaminante

UE 573

Rural

Suburbanas

rbanas

291 (RF) 2

75 (SF)

NO;
308

EU 465

SO,
119

210

47

1P 445

117

127 201

IP 290 345

250

223

43

CAN 33

5

10 18

CAN 25 32
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32

28
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Concentration similarity method

» The monitoring station is representative of a wider area if all concentrations in this area
differ by less than a threshold from the concentrations in the site of interest

» Concentrations are modelled running a high resolution air quality model

» The condition of “concentration similarity” is assessed with a threshold (maximum
discrepancy, DM) (Jansen et al., 2008; Vitali et al., 2013).

» A point measurement is representative of the average in a larger area if the probability
that the squared difference between point and area measurement is smaller than a

certain threshold more than 90% of the time (Nappo et al., 1982)
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Review of valued for maximum discrepancy (DM)

®

15%
25%

20%

20%
100%
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O3, NO,, SO, 2008/50/EC

PM10, PM2.5

All pollutants Jansen et al. (2008)
Vitali et al. (2013)

O3, NO,, SO,, PM10 Martin et al. (2013)

SO, ( <4 pgm3 annual mean,
< 25 ugm-3 daily average,
< 70 ugm-3 hourly average)
NO, ( < 13 pgm-= annual mean,
< 50 ugm-3 hourly average)

DM base on the observation uncertainty
DM = 20 % is the most common value

10



Formulation of the observation uncertainty

Thunis et al. (2013), Pernigotti et al. (2013), FAIRMODE

Estimated relative uncertainties Estimated relative uncertainties for yearly averages
100% 50% Y
90% ——03 (8h daily max) as% | ==EFVi
\ NO2
80% ——PM10 (daily) ao% |
— —PM25
€ 0% ——NO2 (hourly) & 35%
3 £
£ 60% ——PM2.5 (daily) £ 30%
g 50% E 25%
§ g
E a0% § 20% -
5 2
3 309 | ¢ 15%
= = —
20% - 10% F— —_—
10% 5% -
L1 A T —— — 0% I 7 - . - - " . . r - . T T . . . .
e i - - R - - O - L R - - 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
Concentration (ug/m3) Concentration (ug/m3)

According to the FAIRMODE estimated uncertainty of the observation as a function of the concentration :

(€ For hourly/daily basis: DM = 20% is strict enough for NO,, PM10 and PM2.5 because the uncertainty for
these pollutants on an daily basis is always > 25% (especially at low concentration). In the case of O, the
DM = 20% is the same order of magnitude as the uncertainty corresponding to the mean ozone concentration
(65.5 pg/m3) over the Andalucia stations.

(€ For annual basis: DM = 20% is strict enough for low concentration (< 15 pg/m-=3 for NO,, < 10 pug/m-2 for
PM10 and < 5 pug/m for PM2.5) because of the estimated observation uncertainty increase fast with the
decrease of concentration. However, DM = 20% is relax enough for higher concentrations (> 15 pg/m- for
NO,, > 10 pg/m=3 for PM10 and > 5 pg/m-3 for PM2.5) because the estimated observation uncertainty is
usually < 15 %.
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Spatial representativeness as a function of pollutant:

Andalucia case on in a yearly basis

Mean spatial representativeness of each stations over a Radio = 10 km from the station

Spatial repre - 2013 - yearly - Andalucia all stations (90) - Rzoom = 10 km
Temp. repre = 100%

B— 03 - km"2(dm) = 249-343-396-418-425

| ————0—
g _| B PM10d- km"2(dm) =151-256-322-370-402 RS OO
F 7| m— PM10 -km"2(dm) =80-161-227-278-319 =
O PM25d - km*2(dm) =148-239-3 391

300

kmA*2
200
|

100
1

Discrepancia Max (%)

Mean spatial representativeness for each Andalucia AQN as a function of pollutant. For any dm, the
spatial representativeness:
O3 > PM10 > SO, > NO,
At DM = 20%:
« O, spatial representativeness: 418 km?
« PMI10 spatial representativeness: 278 km?
* SO, spatial representativeness: 222 km?
* NO, spatial representativeness: 145 km?
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Spatial representativeness as a function of temporal resolution:

Andalucia case

Mean spatial representativeness of each stations over a Radio = 10 km from the station

Spatial repre - 2013 - yearly - Andalucia all stations (90) - Rzoom = 10 km Spatial repre - 2013 - monthly - Andalucia all stations (90) - Rzoom =10 km
Temp. repre = 100% Temp. repre = 100%
B— O3 -km"2(dm) = 249-343—3956-418-425 i B— O3 - km"2(dm) = 132-223-286-334-368 ‘
8 | B PM10d - km*2(dm) =151-256-322-370-402 = e O ® 8 | B PM10d - km*2(dm) =12-56-113-171-225 ! !
< B— PM10 - km”2{dm) =80-161-227-278-319 —p < B— PM10 - km”*2(dm) =7-32-74-422-172 i 1
() PM25d - km*2(dm) =148-23¢-3| -391 B NO2 - km*2(dm) =2-7-20-36-55 i { /‘
i i | 6] T
o D o { $ {
o o - { } i
@ — (32] H
o~ 4 o~
< <
E o — E o
E™4 o — § E™4 < —i
o j o
Sha 2
R e o o -
I I I I I I I I I
0 5 10 15 20 25 30 0 30
Discrepancia Max (%) Discrepancia Max (%)

Mean spatial representativeness for each Andalucia AQN as a function of the temporal
basis (annual vs monthly). At DM = 20%:

« O; spatial representativeness :  334/418 km? (month/annual) - 25% increase
* NO, spatial representativeness: 36/145 km? (month/annual) - 303% increase
« PM10d spatial representativeness: 171/370 km? (month/annual) - 116% increase
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Spatial representativeness as a function of temporal resolution
PRINCIPE station (dis.max = 20%)

Mean conc (ug/m*3) - 2013 - monthly - NO2 - SEIA0004 - Rzoom = 10 km
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Mean conc (ug/m*3) - 2013 - monthly - PM10d - SEIA0004 - Rzoom = 10 km
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3729 373 3732 37.34 37.36 37.38 37.39 3741 3743 3745 3747

609 -607 -605 602 -6 -598

3729 37.3 37.32 37.34 37.36 37.38 37.39 37.41 3743 37.45 37.47 3729 37.3 37.32 37.34 37.36 37.38 37.39 37.41 37.43 37.45 3747

3729 37.3 37.32 37.34 37.36 37.38 37.39 37.41 3743 37.45 37.47

Spatial repre - 2013 - monthly - NO2 - SEIA0004 - Rzoom = 10 km
Temp. repre = 90% - Dis max = 20% - Repre area (km*2) = 33

Monthly

Spatial repre - 2013 - monthly - PM10 - SEIA0004 - Rzoom = 10 km
Temp. repre = 90% - Dis max = 20% - Repre area (km*2) = 148

Monthly

Spatial repre - 2013 - monthly - O3 - SEIA0004 - Rzoom = 10 km
Temp. repre = 90% - Dis max = 20% - Repre area (km”2) = 258

Monthly

607 -605 602 -6 -598 -

Longitude

3729 37.3 37.32 37.34 37.36 37.38 37.39 37.41 3743 37.45 37.47 3729 37.3 37.32 37.34 37.36 37.38 37.39 37.41 37.43 37.45 3747

3729 37.3 37.32 37.34 37.36 37.38 37.39 37.41 3743 37.45 37.47

Spatial repre - 2013 - yearly - NO2 - SEIA0004 - Rzoom = 10 km
Temp. repre = 100% - Dis max = 20% - Repre area (km*2) = 111

Yearly

Spatial repre - 2013 - yearly - PM10d - SEIA0004 - Rzoom = 10 km
Temp. repre = 100% - Dis max = 20% - Repre area (km*2) = 363

Yearly

Spatial repre - 2013 - yearly - O3 - SEIA0004 - Rzoom = 10 km
Temp. repre = 100% - Dis max = 20% - Repre area (km*2) = 405

Yearly

-6.11 -609 -607 605 602 -6 -598 -596 -593 -591 -589

Longitude




Frequency of spatial representativeness (FreqSR)

Explanation

Frequency of spatial representativeness (FreqSR) = number of times a grid cell is
representative for one or more stations

FreqSR — 2013- yearly — DM = 20% — O4

37.8

36.8

35.8

According to the 2008/50/EC, the maxima spatial representativeness (SRmax) is
constrained to:

* SR max (Rural Background) = 10.000 km? (r = 50 km)

* SR max (Urban, Suburban, Rural Industrial, Rural Traffic) = 400 km? (r = 10 km)
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NO, spatial representativeness

SR - 2013 - yearly - DM = 20% - NO2 - dom = AND

10 Hist.: #station vs. SR (km*2) - Daily Hist.: #station vs. SR (km#2) - Montly Hist.: #station vs. SR (km*2) - Yearly
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O, spatial representativeness

SR - 2013 - yearly - DM = 20% - O3 - dom = AND
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SO, spatial representativeness

SR - 2013 - yearly - DM = 20% - SO2 - dom = AND
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PM10 spatial representativeness

SR - 2013 - yearly - DM = 20% - PM10d - dom = AND
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PM2.5 spatial representativeness

SR - 2013 - yearly - DM = 20% - PM25d - dom = AND
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Summary and conclusions

The “Modelled concentration similarity” methodology was used to estimate the
spatial representativeness of the Andalucia air quality monitoring network using the
AQFS CALIOPE 1-km simulations.

Spatial representativeness is high sensitive to the 1) pollutant, 2) temporal basis,
3) station type, and 4) location.

Several sensitivity tests were applied over the Andalucia monitoring network:

» Test to temporal resolution (yearly, monthly and daily) - SR increases
when the temporal resolution decrease, SR is higher for yearly basis than
for monthly and daily basis.

» Test to maxima discrepancy (DM =5, 10, 15, 20 %) - According to the
bibliographical review and the sensitivity test performed, 20% of DM for all
the pollutant could be an conservative selection.

Current O, stations the spatial coverage is high enough to monitoring areas with
high concentrations. However, PM2.5 stations are not representative of air quality
in highly dense populated areas such (e.g., Seville and Malaga).

Consequently, the spatial representativeness (SR) is specific, and not universal
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