s -
THIC T GOBEANG  MINSTERO Cremalt
SHRET DEESPANA  DE ECONOMIA Centic de Investigacicnes
A, TCOMPETITIVIOAD: s, Medioambentales
yTecnabgoas

Combination of model and observations
for air quality assessment
In Spain
How can it be evaluated?

Fernando Martin
M.G. Vivanco, |. Palomino, J.L. Garrido
Atmospheric Pollution Division
CIEMAT
Spain

April 28-29, 2014 FAIRMODE TECHNICAL MEETING - NILU - KJELLER/OSLO 1



Introduction

A methodology to combine measurements from
alr quality stations and estimates from the
CHIMERE model for air guality assessment in
Spain is described (Martin et al, 2012, Int. J.
Environment and Pollution, Vol. 49)

« How can we measure the performance of the
combination methodology?

 An simple exercise has been done for testing
different methods.
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Modeling scheme

BOUNDARY
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Analysis GFS LMDz INCA y LMZ-AERO EMISSIONS
(50x50 km)

CHIMERE (2008c¢) Re-scaling,
EUROPEAN DOMAIN spatial and time
(ReS 0.2°%0.2°) disagregation
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EUROPEAN DOMAIN
(Res. 27x27 km)
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WRF CHIMERE (2008c) Re-sealig,
SPANISH DOMAIN [ SPANISH DOMAIN spatial and time
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Natlonal Emission
Inventory

\ (50x50 km)
WRF DOMAINS GRID _CHIMERE DOMAINS

CONCENTRAﬂON/
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Combination of model and
measured data

 How can we improve the air quality maps using the accuracy of the

measurements and the good spatial coverage of the model outputs?

Cy=Mg +e +s

M, = concentration estimate (i.e., by a dispersion model),
e, = systematic error of the estimate (i.e., modelling error)
S, = the inherent error or measurement error.
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Measurements and modeling combination

Model and measurement

Kriging
applied to
residuals

POPULATION

}

H\\ﬂ .

I I I I
6 -4 2 0

Kriging applied to residuals

MERGED MAP
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26th highest value of 8-hour O; concentration
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Incertidumbre de la combinacion de
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mediciones y modelos

« Directive Relative Error (RDE):

« Maximum of RDE del Error Relativo de la Directiva (MERD).

ERD =

‘OLV 0 MLV‘

Mediy
¥ Tecnaidgicas

Reference value MRDE MRDE Pollutant
Combination methodology CHIMERE Model

Target value 120 pg m™ (eight-hour average) 0.1196 0.1570

Information value 180 ug m™ (hourly average) 0.2056 0.2510 O3

Alert value 240 ug m (hourly average) 0.1542 0.2064

Limit value 200ug m™ (hourly average) 0.2315 0.3268 NO,

Limit value 40 pg m™ (annual average) 0.0549 0.3272

Limit value 350 ug m™ (hourly average) 0.3288 0.5282 SO,

Limit value 125 ug m™ (daily average) 0.0804 0.2394

Limit value 50 pg m™ (daily average) 0.2311 0.6217 PM10

Limit value 40 pg m™ (annual average) 0.1045 0.5224
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How do the statistics change when ==
different stations are used for
combination or for validation?

« Two methods for validation:
— Leave-one-out
— Selected set of data

« Several statistical index (R?, MFB, MFE,
TARGET, etc).

« Several cases of data used for model-
measurement combination and for validation

« Data of maps of air quality assessment for 2011
In Spain for O5; and NO.,.
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- Statistical index values
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STATISTICS vs DATA/METHOD FOR VALITATION
Leave-one-out method for validation

19th highest hourly Annual NO, 26th highest 8-hourly Maximum hourly

NO, concentrations concentrations O, concentrations O; concentrations
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® R? (URBAN/SUBURBAN)

® MFB (URBAN/SUBURBAN)

® MFE (URBAN/SUBURBAN)

@ TARGET (URBAN/SUBURBAN)
B R? (RURAL)

W MFB (RURAL)

H MFE (RURAL)

FEEEEROCOOO
FEEEEROCOOO

B TARGET (RURAL)

Cases

1 = 50% stations for combination and validation
2 = 70% stations for combination and validation
3 = 90% stations for combination and validation
4 =100% stations for combination and validation
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STATISTICS vs DATA/METHOD FOR VALITATION
Leave-one-out method for validation

19th highest hourly Annual NO, 26th highest 8-hourly Maximum hourly
NO, concentrations concentrations .
R/ - i s sS Annual NO, :

| =R for rural stations does not change,

N e 1 | butforurban/suburban stations,

1 553 : s = m | Mmore stations, better R.

osw m g g 08 ¢2$ —MFB for rural stations does not

o . e it change, but for urban/suburban

LAk R ., B® g .| stations, slightimprovement as
g % s s & Aamountof stations increases.

°z] ¢ ® & 029 " |_MFE improves as increase amount of

3w u " a2 a

777777777777777 stations (clearer for rural stations).

. | =TARGET for urban/suburban stations
4 | does not change, but for rural

o
N
o
N

=
N
w
IN
P
), El

: : : SZF%J?UBFfé\'Afﬁll/JSBUUBRUBFfEL\XN) stations, slight improvement as
e ® @ MFE (URBAN/SUBURBAN) amount of stations increases.
@ @ @ TARGET (URBAN/SUBURBAN) 1 = 50% stations for combination and validation
H H HR?(RURAL) 2 = 70% stations for combination and validation
: : : MEE gggim 3 = 90% stations for combination and validation
4 =100% stations for combination and validation
@ = B TARGET (RURAL) L MEE I ING - NILU - KJELLER/OSLU 11
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STATISTICS vs DATA/METHOD FOR VALITATION
Leave-one-out method for validation

19th highest hourly Annual NO, 26th highest 8-hourly Maximum hourly
NO, concentrations concent : . ations
NG 5 fimay i 19th highest hourly NO,: 7
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® R? (URBAN/SUBURBAN)

—R improves as increase amount of :
used stations.

—MFB for urban/suburban stations
does not change, but forrural | 1
stations, slight improvement as ;8
amount of stations increases. :

—MFE and TARGET improves as 1
amount of stations increases (clearer

: ) o

for rural stations). -
L &

3 4

® MFB (URBAN/SUBURBAN)

® MFE (URBAN/SUBURBAN)

@ TARGET (URBAN/SUBURBAN)
B R? (RURAL)

W MFB (RURAL)

H MFE (RURAL)

® TARGET (RURAL)

FEEEEROCOOO
FEEEEROCOOO

1 = 50% stations for combination and validation
2 = 70% stations for combination and validation
3 = 90% stations for combination and validation

4 =100% stations for combination and validation
L VIEEIING - NILU - KIELLER/OSLO

_l-fp'rﬂm

o

12



" CO . ‘
ol e T GOBERNO MINISTERIO
SR DEESPANA  DEECONOMIA Gentro de nvesgaciones
. N ¥ COMPETITIVIOAD. ¢ expésioas, Mecioambentales

o,
¥ Tecnaidgicas

STATISTICS vs DATA/METHOD FOR VALITATION
Leave-one-out method for validation

19th hinhest hourlv Annual NO 26th highest 8-hourly Maximum hourly
26th highest 8-hour|y 03: O; concentrations O, concentrations
: i i, o e R Loy —SEy -
—R for rural stations, few differences, % R s
but best for 50% case, worst for 90% | 127 © Wil - A
case. | 1—rfi
—R for urban/suburban stations, worst | ¢s 1 ¥ % R 7
for 50% case, best for 70% case. ed NSRS T m 3 e
. . . o\2) T DR | L il T . |
—TARGET. For rural stations, best 04I'=¢ a9
results for 50% case, few differences e | | A | | i i
In other cases. 02 TR AL r----1 02 --42
A A =
—TARGET. For urban/suburban o4 2 5 & 0:# BN
stations, worst for 50% case, best for | ,, ol S P A
70% case. 1 2 3 4 1 2 3 4
—TARGET. Few differences among
70%, 90% and 100% cases.
® ® © TARGET (URBAN/SUBURBAN) 1 = 50% stations for combination and validation
H N NR?2(RURAL) 2 = 70% stations for combination and validation
: : : MEE gggiﬁtg 3 = 90% stations for combination and validation
4 =100% stations for combination and validation
@ = B TARGET (RURAL) L MEE TING » NILU ~ KIELLERIOSLO 13
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STATISTICS vs DATA/METHOD FOR VALITATION
Leave-one-out method for validation

19th highest haoutirlyv Anniial NO 26th hinhect 8-hnii |y Maximum hourly
NO, concentrat Maximum hourly 03: O, concentrations
1.4 — — A== : : W o arv B
- |—Rforrural stations, very slight | A
27 1| Improvement as amount of used U e
1T stations increases. oA rfi
o E%—Rforurban/suburbanstations, il L
I - ® | significant improvement as amount of 06_Dqgg
| used stations increases. » o
O - e | . _ 0.4 — - F ===
: [ —TARGET. For rural stations, slight e g !
2777 7| improvement as amount of used e i
o-# -9 8| gtations increases. o4 & & 8
02+—+—+—+1 —TARGET. For urban/suburban stations, | - o
12 3 | fewchanges between 50% and 70% 12 3 4
® o oR: (U(RB/ cases, but important improvement for
® ® o MFB (UR 0 0
® ® ®MFE (UH 90% and 100% ones. . >
® ® @ TARGET (URBAN/SUBURBAN) 1 = 50% stations for combination and validation
H N ER2(RURAL) 2 = 70% stations for combination and validation
: : : MEE gggiﬁtg 3 = 90% stations for combination and validation
4 =100% stations for combination and validation
@ = B TARGET (RURAL) L MEE | ING - NILU - KJELLER/OSLO 14
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STATISTICS vs DATA/METHOD SR ™
VALITATION
Leave-one-out method for validation

Comments:

 More stations used for combination, better validation
statistics (generally).

« Better R and TARGET In rural stations

* For NO,, statistics for cases of 90% and 100%
stations are similar.

* For O;, MFB and MFE does not change with the
amount of used stations.
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STATISTICS vs DATA/METHOD FOR VALITATION
Set of selected data for validation

19th highest hourly Annual NO,
NO, concentrations concentrations
La—T-—M TR, LATE= === === Ty |
R e R e
L | 1 O] | 1 1
2 1_ ***** o IN\_ | 3 l_ 77777 [
B L 0. N\ /s,G8 1 T8N\ o=
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4(7)02_ 77777 Fﬁf*f‘F****\ -.(7;0.2_;7;7;‘77777#7777\
SRS e = SR 1
S oof-—---=ro 8 oof--oo- TR
R
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1 2 g 4 1 2 3 4

— R2 (URBAN/SUBURBAN)

MFB (URBAN/SUBURBAN)
MFE (URBAN/SUBURBAN)

TARGET (URBAN/SUBURBAN)

= R2 (RURAL)

= MFB (RURAL)

= MFE (RURAL)
TARGET (RURAL)

Statistical index values

26th highest 8-hourly Maximum hourly
O, concentrations

1.4 —

Cases

Staﬁstical index values

O, concentrations

1.4 —

1.2

1 = 100% stations for combination and validation

2 = 50% stations for combination and the other 50% for validation
3 = 70% stations for combination and the other 30% for validation
4 = 90% stations for combination and the other 10% for validation
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NO, concentrations
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STATISTICS vs DATA/METHOD FOR VALITATION
Set of selected data for validation
19th highest hourly Annual NO,

concentrations

= R2 (RURAL)

= MFB (RURAL)

= MFE (RURAL)
TARGET (RURAL)

14T--MEE=" K, O e e
12 T~ ME LAY 1o Bo o
I TN I S
T R o
08 —f-cco=bo-—-T2% 0.8 —— - - - -
ockf- SRl oo YR HANE
04— (T B
- ===
0.2_ 77777 (N (e 0.2_;7;7;177777!77777\
1T AN = S A
e
— e
'0.2 i T i T i '0.2 T i T i T i
1 2 3 4 1 2 3 4
R? (URBAN/SUBURBAN)
MFB (URBAN/SUBURBAN)
MFE (URBAN/SUBURBAN) 1= 100%
TARGET (URBAN/SUBURBAN) — N0
2=50%Ss

Annual NO, :

— R for rural stations, slight decrease as
used stations for combination increase
and for validation decrease.

— R for urban/suburban stations, best
results for cases 3 and 4.

— MFB for urban/suburban stations few
changes

— MFB for rural stations, best results for
cases 3 and 4.

— MFE. Less differences for
urban/suburban stations than for rural
ones. Worst results for case 2, best for 4.

— TARGET. Very different performance
between rural (better) and
urban/suburban stations for cases 1 and
2. Similar results for cases 3 and 4.

LALIUTTS TUT CUITTUITTAUUIT dTl'lu u1e UlleTr ouU70 TUT valiuatiuri

3 = 70% stations for combination and the other 30% for validation
4 = 90% stations for combination and the other 10% for validation
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STATISTICS vs DATA/METHOD FOR VALITATION
Set of selected data for validation

19th highest hourly Ann( 19th highest hourly NO,: rly
NO, concentrations con( — R for rural stations almost does not change. ons
4T e N 47 | =R for urban/suburban stations does not
1.2 (O 12— ---| change for cases 1-3. Better for case 4.
B T .| —MFB for rural stations, best for case 3. Case 4 |
— - N\ T~ | underprediction. = =
e el "®T | = MFB for urban/suburban stations, few changes |
06 - o6—+---| (underprediction). Best for case 4.
sl = o,T | =MFE for urban/suburban stations, no changes, |
o _ == but for rural, some changes with worst result }
I %21 —1 for case 2.
o o+ —-| — TARGET for rural stations becomes worse ==
A ﬁ{ 4+, 1| from case 1 to case 4. L.
L 2 Nl 1 — TARGET for urban/suburban stations is much 4

R? (URBAN/SUBURBAN) better for case 4.

MFB (URBAN/SUBURBAN)
MFE (URBAN/SUBURBAN)
TARGET (URBAN/SUBURBAN)

1 = 100% stations for combination and validation

— = R?(RURAL) 2 = 50% stations for combination and the other 50% for validation
== = MFB (RURAL) 3 = 70% stations for combination and the other 30% for validation
== = MFE (RURAL) 4 = 90% stations for combination and the other 10% for validation
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STATISTICS vs DATA/METHOD FOR VALITATION
Set of selected data for validation

19th hinhest hotirlv Annual NO 26th highest 8-hourly Maximum hourly
26th highest 8-hourly Os: O, concentrations O, concentrations

—R and TARGET for rural stations, .0 e T ol -
Improvement from case 2 to case 4. 3 7

—R and TARGET for urban/suburban LR
stations, worse results for case 3. 1

—Few changes in MFB and MFE.
Slightly better for rural stations.

== 12+----

~F== 1_ ,,,,,

—~

—
—— = —

e

06—f---7= =T

| | i [
- ——1§§ | | —:’—Q—A\\J
02—---- L 02— -Z-zr-===r----
| [ [ [ I \\\ ! [
- = o [ [ | [ [
e of-to - T
'0.2 T i T i T i '0.2 T i T i T i
1 2 3 4 1 2 3 4

R? (URBAN/SUBURBAN)

MFB (URBAN/SUBURBAN)
MFE (URBAN/SUBURBAN)
TARGET (URBAN/SUBURBAN)

1 = 100% stations for combination and validation

— = R?(RURAL) 2 = 50% stations for combination and the other 50% for validation
== = MFB (RURAL) 3 = 70% stations for combination and the other 30% for validation
== = MFE (RURAL) 4 = 90% stations for combination and the other 10% for validation
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STATISTICS vs DATA/METHOD FOR VALITATION
Set of selected data for validation

19th highest haoutirlyv Anniial NO 26th hinhect 8-hnii |y Maximum hourly
NO, concentrat Maximum hourly 03: O, concentrations
1.4 — — R . : jet— S -
1+ |=Rforrural stations, slight changes. AT
7| =R for urban/suburban stations, clearly P AT
T — | Dbestresults for cases 3 and 4. F -0 .\ L _
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STATISTICS vs DATA/METHOD FE&R ™
VALITATION

Set of selected data for validation

Comments:

* More stations used for combination, better validation
statistics (generally), but not in some cases (O, with
R and TARGET). Of course, the size of the selected
data for validation is an important factor!!

« Better R and TARGET In rural stations

* For O;, MFB and MFE does not change with the
amount of used stations.

* For O;, MFB and MFE slightly better for rural
stations
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How different are the statistics
from one method to other one?
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STATISTICS vs DATA/METHOD FOR VALITATION
Annual NO, concentrations
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STATISTICS vs DATA/METHOD FOR VALITATION
19th highest hourly NO, concentrations
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STATISTICS vs DATA/METHOD FOR VALITATION
Maximum hourly O; concentrations
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MFE and MFB similar for leave-one-out and for different selected data for |
Validation.
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STATISTICS vs DATA/METHOD FOR VALITATION
26th highest 8- hourly O, concentrations
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S lusi did

* In some cases statistical index are similar (especially for
MFE), but in others no. Then values of statistical
Indexes are different depending on:

— Method for validation
— Data set
* |tis not clear what method has to be used.

 Itis not straightforward to get rules about how many
stations has to be used for validation respect to the used
ones for combination.

* Needs of more studies and tests.
— Other data sets and cases.
— Select more subsets of data for validation (ensemble).
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Thanks
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