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1. Mapping methodology

2. Routine evaluation (especially cross-validation)

3. Evaluation using Delta tool (first attempt)



ETC/ACM mapping methodology

Developed (in 2005-2007) with the objective of the European
Environmental Agency of having interpolated maps primarily
based on air quality measurements.

The Directive 2008/50/EC on Ambient Air Quality and Cleaner Air for
Europe requires that air quality should be assessed throughout the territory
of each member state. It requires that the fixed measurements should be
used as a primarily source of information for such assessment in the
polluted areas. Those measurement data may be supplemented by
modelling techniqgues to provide adequate information on the spatial
distribution of the air quality.

Primarily data — measurement data
Supplementary data — chemical transport model output,
other proxy data (altitude, meteorology, popul. density)



ETC/ACM mapping methodology - continuation

Linear regression model followed by kriging of its
residuals (residual kriging)

The supplementary data for linear regression model were
selected based on their relation with measured AQ data.

In the case of PM,, and PM, ¢, both measured data and
dispersion model output are logarithmically transformed,
due to the lognormal distribution of these data.

Kriging — spatial interpolation geostatistical method (i.e.
knowledge of the spatial structure of air quality field is
utilized, using variogram)



Mapping method - continuation

variogram - measure of
a spatial correlation

parameters: . |

Model function

SI”’ nugget’ range '.O:Dbser.vations
Empirical variogram fitted by
an analytical function e
— In our case spherical.

The method is routinely used for annual data (i.e. the
monitoring and modelling and other data combined for
annual indicators.) For sensitivity analysis (and comparison
with the results based on daily data), see ETC/ACM
Technical Paper 2012/8.



Mapping methodology — continuation
Separate mapping of rural and urban air quality

— due to different character of urban and rural air quality

PM,,, PM, ¢, NO, — urban/suburban concentrations are in
general higher than the rural concentrations
Ozone - rural concentrations are higher than urb/sub

Rural and urban background maps are created separately,

rural maps — based on rural background stations
urban background maps — based on urban and suburban
background stations

Final maps are created by merging of rural and urban
background maps, using population density.



Mapping methodology — continuation

Separate rural and urban background maps
— created in 10x10 km resolution

These maps are merged using population density (in 1x1 km)
— into 1x1 km resolution

Exposure estimates — based on these 1x1 km maps.

Presentation — final maps are spatial aggregated into 10x10
km resolution. (Plus urban background maps.)

Interpolation ——» Merging ——» Exposure estimates ——»  Spatial aggregation

Urban and rural Separate
station points 10x10 km grid maps
o 80 8




Mapping methodology — continuation
Pollutants and indicators mapped

Reqularly:
PM,, — annual average [pug.m-3]
— 36" maximum daily average value [ug.m-3]
PM, . — annual average [ug.m-3].
Ozone — 26™ highest daily max. 8 hourly mean [ug.m-]
— SOMO35 [ug.m3.day]
— AOTA4O0 for crops [ug.m-=3.hour]
— AOTA40 for forests [ug.m=3.hour]

Repetitively: NO, — annual average [pg.m-3]
NO, — annual average [pg.m=
SO, — annual average [pg.m-3]

Newly: BaP — annual average [pug.m=]




measured data

EMEP model

PM,,
Annual Average
Reference year: 2010

Measured Rural Background
Data

B - 10 pem”
10-20 pg.m”
20-40 pgm”
B <0-45 pgm” =Ly
| BEECET
I; non-mapped countries
[ 1 area with poor data coverage

rural background station

PMaio, ann. avg, EMEP. [pg.m'3]

PMjp ann. avg., rur. - EMEP vs. meas.
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y =0.262x + 7.02
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R?=0.211
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PMio, ann. average, measured [pg.m'3]

PM;o
Annual Average
Reference year: 2010
EMEP Model Output
Resolution: 50x50 km
Bl - 10ugm

10-20 pg.m

20-40 pg.m
B 40-45 pgm*>Lv
- 55 pgm’

non-mapped countries

area with poor data coverage

Linear regression model (log. transformed):

EMEP model
EMEP model, altitude
EMEP m., altitude, wind speed

SEE
0.324
0.306
0.295

adj. R?
0.33
0.41
0.44




PM,, annual average, 2010 —rural areas
rural map (applicable for rural areas only)

PMo cross-validation
Annual Average

Reference year: 2010
Map of Rural Quality

Resolifion: 10%10 kivi PM;, ann. avg., rur. - pred.(crossv.) vs. meas.

- <10 ug.m'3 70
10-20 pg.m”
20-40 pg.m”

B 40-45 ygm®>Lv
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non-mapped countries
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PM,o, ann. average, measured [lg.m]

RMSE = 4.5 pg. m-3
Bias = 0.2 ug. m-3




measured data

PM10
Annual Average
Reference year: 2010

Measured Urban and Suburban
Background Data

Bl - 0’
10-20 pgm
20-40 pg m’
Il «0-45 ygm’>Lv
Bl - 45 o’
non-mapped countries
area with poor data coverage

urban background station

EMEP model

EMEP model

adj. R?
0.38

[PM,q
|Annual Average

| Reference year: 2010
]EMEP Model Output
Resolution: 50x50 km

B < 0 om

‘ 10-20 pg.m

20-40 pg.m
‘-40745 pg.m” > LV
- > 45 pg.m

‘ non-mapped countries

area with poor data coverage

Linear regression model (log. transformed):

SEE
0.292



PM,, annual average, 2010 — urban areas
urban background map (applicable for urban areas only)

PM;q cross-validation
Annual Average

Reference year: 2010
Map of Urban Air Quality
Resolution: 10x10 km

B < 10 ygm® 120 +
10-20 pg.m®
20-40 pg.m®
Bl «0-45 pgm®>Lv
- > 45 ug.m'3
I:I non-mapped countries
I:I area with poor data coverage

PM,,, ann. avg. urb.- pred.(crossv.) vs. meas.

y = 0.766x + 6.70
R*=0.751
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PM,o, ann. avg, pred. crossv. [Hg.m=]

T 1
40 60 80 100 120
PM,,, ann. average, measured [ug.m=]

RMSE = 6.6 pg. m-3
Bias =-0.1 ug. m3




final merged map

{

PM,,
Annual Average
Reference year: 2010

Combined Rural and Urban Map
Resolution: 10x10 km

Bl - 0 pgm’
10-20 pg.m™
20-40 pg.m®

Bl «0-45 ygm®>Lv

- > 45 pg.m”

[ l non-mapped countries

‘ area with poor data coverage

rural background station
o urban background station




Actual air guality maps

Regular annual product: European air quality maps of
ETC/ACM Technical Paper P and orone for 2012
,European air quality maps of
PM and ozone and their
uncertainty“

and their uncertainty

Concentration maps, inter annual
difference maps, exposure
tables, uncertainty analysis.

ETC/ACM Technical Paper 2014/4
January 2015

Jan Horalek, Peter de Smet, Pavel Kurfurst,

Most recent : ETC/ACM TP
2014/4, maps for 2012 M Euopean opc conte
% e

http://acm.eionet.europa.eu/reports/



http://acm.eionet.europa.eu/reports/

15007km

{

Particulate Matter (PMyo)
Annual Average
Reference Year: 2012

Combined Rural and Urban Background Map
Resolution: 10x10 km

< 10 pug.m3
10 - 20 pyg.m3
20 - 30 pg.m=3
30 - 40 pg.m3
40 - 50 pg.m3 (40 = LV)
> 50 pug.m3
| outside data coverage

poor data coverage

rural background station

urban/suburban background station
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Particulate Matter (PMyo)
36" Highest Daily Mean
Reference Year: 2012

Combined Rural and Urban Background Map
Resolution: 10x10 km

- < 20 pug.m3
20 - 30 pg.m3
30 - 40 pg.m3
40 - 50 yg.m=3
50 - 75 pg.m= (50 = LV)
> 75 pg.m-3
| outside data coverage

| poor data coverage

rural background station

urban/suburban background station




15007km
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Fine Particulate Matter (PM,5)
Annual Average
Reference Year: 2012

Combined Rural and Urban Background Map
Resolution: 10x10 km

10 - 15 pg.m3

15 - 20 pyg.m=3

20 - 25 pg.m= (20 = LVa020)

> 25 ug.m=3 (25 = TV, LV2015)
| outside data coverage

poor data coverage

rural background station

urban/suburban background station
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Ozone - 26" Highest
Daily Maximum 8-hour Mean

Reference Year: 2012
Combined Rural and Urban Background Map
Resolution: 10x10 km

B <9 pyg.m3
90 - 100 pg.m-3
100 - 110 pg.m=3
110 - 120 pg.m=3
120 - 140 pg.m= (120 = TV)
> 140 pug.m=3
| outside data coverage

| poor data coverage

rural background station

urban/suburban background station




Ozone
SOMO35

Reference Year: 2012
Combined Rural and Urban Background Map
Resolution: 10x10 km

B <2000 pg.m=3d

[ 2000 - 4000 ug.m=.d
[ 4000 -6000 pug.m=3d
[ 6000 - 8000 pg.m3.d
I 8000 - 10 000 ug.m-3.d
I > 10000 pg.m=3.d

outside data coverage

| poor data coverage

rural background station

urban/suburban background station




1. Mapping methodology

2. Routine evaluation (especially cross-validation)

3. Evaluation using Delta tool (first attempts)



Routine evaluation

cross-validation — the spatial interpolation is calculated for
every measurement point based on all available information
except from the point in question. These estimated values are
compared with the measured ones by scatter-plot (including R?
and regression equation) and by statistical indicators, espec.
RMSE and bias (MPE). Occasionally also MAE and other ones.

PM,, ann. avg., rur. - pred.(crossv.) vs. meas.
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Routine evaluation — continuation

Next to this;: RMSE In relative terms

Z is the mean of the air pollution indicator value for all stations

Cross-validation evaluates of the guality of the predicted values
at locations without measurements.

It also enables to validate the quality of the uncertainty map ,
l.e. kriging standard error (or standard deviation) map, created
based on the geostatistical theory.




Routine evaluation — continuation

Comparison of the point measured and interpolated grid
values —the linear regression equation and its R? , by RMSE
and bias.

Simple comparison evaluates the quality of the map at
locations of measurements. (Variability — due to interpolation
smoothing, spatial averaging into 10x10 km cells , and
eventually rural/urban merging).

Validation done separately for urban and rural areas

- for rural maps (using rural backround stations)

- for urban backrgound maps (using urban backround stations)

- for final merged maps (using rural and urban backround
stations, separatelly)



Routine evaluation — continuation
Separate for rural and urban background maps

PM,,, annual average, 2012

cross-validation

linear regr. model + OK rural areas urban areas
of its residuals parameter values parameter values
RMSE [pg.m™]
Relative RMSE [%]
bias (MPE) [pg.m™]
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Analysis of rural/urban areas in final map
PM,,, annual average, 2012
simple comparison —rural areas

PM;, ann. avg. - pred. grid. rural 10x10 km PM,, ann. avg. - pred. grid. final 1x1 km
vs. rural b. measurements vs. rural b. measurements

PM,, ann. avg. — pred. grid. final aggr. 10x10 km
vs. rural b. measurements

) 1 vl gl Good
T T N - representation

In both 1x1 km
| and 10x10 km

PM,,, ann. average, measured [ug.m-~] PM,,, ann. average, measured [ug.m-] PM,, ann. average, measured [ug.m-] I I lap:s .

PM,,, ann. avg, pred. gridded [ug.m=]
PM,,, ann. avg, pred. gridded [pg.m=]
PM,,, ann. avg, pred. gridded [pg.m~]

rural 10x10 final merged 1x1  final, aggr. 10x10

rural bac kgr. stations

cross-valid. prediction, separate (r or ub) map

grid prediction, 10x10 km separate (r or ub} map

grid prediction, 1x1 km final merged map

fo ma 'ru
J

grid prediction, aggr. 10x10 km final merged map




Analysis of rural/urban areas in final map -cont.

PM,,, annual average, 2012
S|mple comparlson — urban backgr nd areas
R I et Good
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Analysis of rural/urban areas in final map -cont.

Action: to present separate urban background AQ map
to illustrate the difference with the aggregated final map.

Particulate Matter (PMy,)
Annual Average
Urban Background Map

Reference Year: 2012

Applicable for urban areas only
Interpolation Resolution: 10x10 km
Map Resolution: 1x1 km

I [ 10-20 ug.m?

[ [ 20-30pg.m3

[ [] 30-40 pg.m3

B [ 40-50 ug.m? (40 = LV)
Bl B > 50 ug.m?




Routine evaluation — continuation

O,, 26th highest daily maximum 8-hourly mean, 2012

cross-validation

linear regr. model + OK

on itz residuals

RIMSE [pg.m™]
realtive RMSE [%]

y = 0.750x + 28.77
Rz=0.708
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0,3, 26" highest d. max. 8h, measured [ug.m]

y =0.722x + 30.36
R?=0.701
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0,, 26t highest d. max. 8h, measured [ug.m=]

Level of
underestimation
In areas without
measurement
can be
estimated.



Analysis of rural/urban areas in final map
O, 26th highest daily maximum 8-hourly mean, 2012
simple comparison —rural areas
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Analysis of rural/urban areas in final map
O, 26th highest daily maximum 8-hourly mean, 2012
simple comparison — urban background areas
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Analysis of different CTMs use

Detailed analysis presented Iin
ETC/ACM Technical Pap er Evaluation of Copernicus MACC-Il ensemble products
2013/9 ’» Evaluation of in the ETC/ACM spatial air quality mapping
Copernicus MACC-Il ensemble
products in the ETC/ACM
spatial air quality mapping*“

Comparison of the use of EMEP, AL
MACC-II Ensemble and ETC/ACM Techrica Paper 2013/

CHIMERE-EC4MACS (in two
d iffe re nt reSO | uti O n) i n ETC/AC I\/I aure Malherbe, Philipp Schneider, Anthony Ung,
mapping.

Aditionally, comparison of
ETC/ACM mapping and the
model results




Analysis of the use of other models - continuation

PM,, annual average, 2009, model outputs

Model: : Model:
EMEP 3 MACC-ENS

50x50 km* 20x30 km?

Statistical indicators
against measured
data at rural
stations.

5 ! ¥ Model:
CHIM.-EC4M. SXT Y CHIM.-EC4M.

[ 50x50 km? b Y TxTkm?
EMEFP, 30x350 7 )

MACC-ENS, 2030
CHIMERE-ECAM., 5050
CHIMERE-ECAM., TxT

Different results for |
different models. c—t

10-20 pg.m* 30-40 pg.m® [l > 45 vom*




Analysis of the use of other models - continuation
ETC/ACM mapping using different models, rural map,
PM,,, ann. average, 2009

PM,, annual average, 2009, map of rural air quality

Statistical indicators
using cross-
validation at rural
stations.

model used in
ETC/ACM mapping

| rual
-EIB!ME

EMEP, 50x50 .3%| 0.16| 0.518[y = 0.565x + 8.58
MACC-ENS, 20x30 - .5%| 0.16| 0.554|y = 0.620x + 7.51

0.568|y = 0.577x + 8.32

CHIMERE-EC4M., 7x7

Similar bias for mapping
using different models.




1. Mapping methodology

2. Routine evaluation (especially cross-validation)

3. Evaluation using Delta tool (first attempt)



Evaluation using Delta tool (first attempt)

Obstacles: Annual, not daily data.
Especially: Monitoring data used in the result.

Is Delta tool suitable for the mapping methods based on
the combination of monitoring and modelling data?

Approach: To test
- mapping using full set of the stations, against the same
set of the stations
- mapping using the assimilation-subset of the stations,
against the validation-subset of the stations

The subsets — received by INERIS, as used in MACC.



Evaluation using Delta tool (first attempt) - contin.

PM,, annual average, 2012

full set of the stations, all types of the stations

Scatter PLOT PM10
SUMMARY Yearly STATISTICS Nb of stati 5: 1404 valid / 1987 selected

10
OBS fugm-3

ATOENK1 AT2M226 AT30502 AT32401 ATAS406 Strifend Ind: 1-8784
ATOILLY AT25P10 + AT30603 AT32501 AT4S407 Madel [s): MOD
ATOPILT » AT2SP1B AT30701 AT32604 AT4S409 Parameter: PM10
ATOVOR1 AT25V24 AT32701 AT4S416 Scen: 2012

gxha an;j‘us: No TIME: >90% of stations fulfills the Performance Criteria

eason: Year n
o o Day hours: All 24h SPACE: Dot fulfills the Performance Criteria

AT10003 ime Average: Preserved TIME: <90% of stations fulfills the Performance Criteria
AT2KATI AT30401 AT32301 ATASA04 ATE0107 Daily stats: preserved SPACE: Dot does not fulfill the Performance Criteria

Performance Criteria satisfied

Performance Criteria satisfied: Error dominated by corresponding Indicator




Evaluation using Delta tool (first attempt) - contin.

PM,, annual average, 2012

full set of the stations, rural background stations

Scatter PLOT PM10

MOD /

StdDeV

Norm

30
0BS jugm-3

ATOENK1 AT30502 BETNO12 BETNO3 CHO004R Strtfend Ind: 18764 I
ATOILLY AT30603 BETNO16 BETN100 CHODOSR Model [s): MOD Performance Criteria satisfied
ATOPILY BETN029

AT30701 BETN113 CHOD24A Parameter: PM10 3
B ALl (A L aEs Eois Performance Criteria satisfied; Error dominated by corresponding Indicator
ATOZOE2 AT31904 BETNOG0 BETN132 CHON45A Extra Values: No TIME: >30% of stations fulfills the Performance Criteria
AT10002 AT32604 BETNDG3 BGDOS3R CHOO51A Season: Year SPACE: Dot fulfills the Performance Criteria
AT2M226 AT45108 BETNOG7 BGO070A CY0002R Day hours: All 24h " N L
AT2SP10 ATBO156 . BETNO73 CHODDZR CZOBKUC Time Average: Preserved TIME: <90% of stations fulfills the Performance Criteria
AT2W035 . AT60185 BETN085 CHOOD3R CZOBMIS Daily stats: preserved SPACE: Dot does not fulfill the Perfermance Criteria




Evaluation using Delta tool (first attempt) - contin.

PM,, annual average, 2012

full set of the stations, urban/suburban backgr. stations

Scatter PLOT PM10

1431 selected

Norm

Norm

40
085 Jugm-3

AT10001 AT31301 AT4S184 ¢ ATG010G ATE0145 Stryfend Ind: 1-8784
ATI0003 AT31401 AT45404 AT60107 AT60170 Model (s]: MOD Wl FPerformance Criteria safisfied
ATZKAT1 AT31901 ATAS406 ATEO114 ATB0172 Parameter: PM10 teria satisfied; i e
s * AT3za0n el L e ke Performance Criteria satisfied; Error dominated by corresponding Indicator
ATAS409 Extra Values: No . TIME: >90% of stations fulfills the Performance Criteria
AL Season: Year SPACE: Dot fulfills the Performance Criteria
AT55032 %',,‘.':h:\',';f;ﬂ;ﬁ:“md @  TIME: <90% of stations fulfills the Performance Criteria

AT30401 ATAS156 + ATB0036 ATEO143 x AT60197 Daily stats: preserved SPACE: Dot does not fulfill the Performance Criteria




Evaluation using Delta tool (first attempt) - contin.

PM,, annual average, 2012

mapping using assimilation subset of the stations,
against validation subset of the stations, all types

Scatter PLOT PM10
SUMMARY Yearly STATISTICS

40
0BS jugm-3

ATBO141 BETNO35
BETNOG3
BETNOGS
BETND93
CZ0JJIH
CZOKCHM
CZ0KPRB
CZoLCLM

BETH201 CZOMPRR

CZOPPLL CZO0UMOM
CZ0

CZOSKLM uTUS Performance Criteria satisfied

CZOTBOM Parameter: PM10 isfied: i i i
e A Performance Criteria satisficd: Error dominated by corresponding Indicator
CZOTKAR Exlra Values: No TIME: >90% of stations fulfills the Performance Criteria

CZOTOVK Season: Year SPACE: Dot fulfills the Performance Criteria

CZ0TTRO Day hours: All 24h

CZOTVER e Average: Preserved TIME: <90% of stations fulfills the Performance Criteria

CZOUMED DEBWD13 Daily glatg:gllrgg!md SPACE: Dot does not fulfill the Performance Criteria

t4rssqpoo
m+abDOXHE
XHS+4>mea

ATBO119




Evaluation using Delta tool (first attempt) - contin.

PM,, annual average, 2012

mapping using assimilation subset of the stations, against
validation subset of the stations, rural background stations

Scatter PLOT PM10

UMMAR TA

30
0BS fugm-3

AT10002 czoutus DERPIT3 EST660A NLOOBO7 Stfend Ind: 1-8784 Certn ot
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Evaluation using Delta tool (first attempt) - contin.

PM,, annual average, 2012

mapping using assimilation subset of the stations, against
the validation subset, urban/suburb. background stations

Scatter PLOT PM10
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Evaluation using Delta tool (first attempt) - contin.

Ozone, 26" highest daily max. 8-hourly daily mean, 2012

mapping using assimilation subset of the stations,
against validation subset of the stations, all types
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Evaluation using Delta tool (first attempt) - contin.

Ozone, 26" highest daily max. 8-hourly daily mean, 2012

mapping using assimilation subset of the stations, against
validation subset of the stations, rural background stations

Scatter PLOT O3
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Evaluation using Delta tool (first attempt) - contin.

Ozone, 26" highest daily max. 8-hourly daily mean, 2012

mapping using assimilation subset of the stations, against
the validation subset, urban/suburb. background stations

Scatter PLOT O3
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Conclusions

ETC/ACM spatial interpolation mapping is based primarily on
the measured data. Secondary data — chemical transport
model data, altitude, meteorology, population density.

Linear regression model plus kriging on its residuals.

Urban and rural areas are maped separately, merged together
using population density.

Routine evaluation — cross-validation, simple comparison of
monitoring and mapped data. Separatelly for rural and
urban/suburban backround station.

Evaluation using Dela tool — first attempt, preliminary results.
Is Delta tool suitable for the combined monit.-modelled map?



Thank you for your attention.



