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Figure S1. MSE (ppb2) breakdown into bias squared, variance and mMSE for the spectral components of the spatial average time series of CO during the months of December, January, and February (DJF), based on EQ.6. The bias is entirely accounted for by the LT component. The signs within the bias and variance portion of the bars indicate model overestimation (+) or underestimation (-) of the bias and variance. The colour of the mMSE share of the error is coded based on the values of r, the correlation coefficient, according to the colour scale at the bottom of each plot. Top two panels (a and b): EU; lower tow panels (c and d): NA. 
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Figure S2. MSE (ppb2) breakdown into bias squared, variance and mMSE for the spectral components of the spatial average time series of NO during the months of December, January, and February (DJF), based on EQ.6. The bias is entirely accounted for by the LT component. The signs within the bias and variance portion of the bars indicate model overestimation (+) or underestimation (-) of the bias and variance. The colour of the mMSE share of the error is coded based on the values of r, the correlation coefficient, according to the colour scale at the bottom of each plot. 
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Figure S3 MSE (ppb2) breakdown into bias squared, variance and mMSE for the spectral components of the spatial average time series of NO2 during the months of December, January, and February (DJF), based on EQ.6. The bias is entirely accounted for by the LT component. The signs within the bias and variance portion of the bars indicate model overestimation (+) or underestimation (-) of the bias and variance. The colour of the mMSE share of the error is coded based on the values of r, the correlation coefficient, according to the colour scale at the bottom of each plot. Top two panels (a and b): EU; lower tow panels (c and d): NA.
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Figure S4. MSE (ppb2) breakdown into bias squared, variance and mMSE for the spectral components of the spatial average time series of ozone during the months of May to September, based on EQ.6. The bias is entirely accounted for by the LT component. The signs within the bias and variance portion of the bars indicate model overestimation (+) or underestimation (-) of the bias and variance. The colour of the mMSE share of the error is coded based on the values of r, the correlation coefficient, according to the colour scale at the bottom of each plot. Top two panels (a and b): EU; lower two panels (c and d): NA.
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Figure S5. MSE (ppb2) breakdown into bias squared, variance and mMSE for the spectral components of the spatial average time series of SO2 during the months of December, January, and February (DJF), based on EQ.6. The bias is entirely accounted for by the LT component. The signs within the bias and variance portion of the bars indicate model overestimation (+) or underestimation (-) of the bias and variance. The colour of the mMSE share of the error is coded based on the values of r, the correlation coefficient, according to the colour scale at the bottom of each plot. Top two panels (a and b): EU; lower tow panels (c and d): NA.
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Figure S6. MSE (ppb2) breakdown into bias squared, variance and mMSE for the spectral components of the spatial average time series of PM10 for EU (panels a and b) and PM2.5 for NA (panels c and d) during the months of December, January, and February (DJF), based on EQ.6. The bias is entirely accounted for by the LT component. The signs within the bias and variance portion of the bars indicate model overestimation (+) or underestimation (-) of the bias and variance. The colour of the mMSE share of the error is coded based on the values of r, the correlation coefficient, according to the colour scale at the bottom of each plot.
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Figure S7. Relationship between the mean bias of ozone and the mean bias of NO2 for the EU2 (top panels) and NA2 (lower panels) sub-regions, and for the summer (first column) and winter (right column) seasons. Each point on the plots indicates one model. The symbols vary according to the partition of the NOx emission between NO and NO2 whereas the colours are codded according to mean temperature bias. 
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Figure S8. Autocorrelation of the yearly ozone long term time series (Top: EU; Bottom: NA). The vertical axis is the correlation coefficient; the horizontal axis is the lag of the time series in hour. The blue lines delimits the 95% CONFIDENCE INTERVALS for the correlation. The zero of the observed LT ozone (first panel) occurs at 2000 hours (2.8 months).
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[bookmark: _Ref453923084]Figure S9. Spatial map of the ozone monitoring stations colored based on the ‘delta hour’ values, i.e. the difference in hours between the zero of the autocorrelation function (acf) for the modelled ozone minus the zero of the acf of the observed one. The acf is calculated on the long term component for the entire year of 2010. Negative values indicate an excess of removal (viceversa for positive values). The box on the right summarises the delta hour percentile distribution.
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Figure S10. As in Figure S9 for North America

7
30/08/2016 Efisio Solazzo
image3.png
1200

1000

MSE of the spectral components - CO - DJF - NA - region1

D bu sy LT
2500
8000 15000
2000
6000
1500 10000
4000
+
+ 1000
+ + o 000
+
000 0
+ +
+ * 2
T T o T T T T o T T T T o
e x o = g x g9 = g z g9 = o =z
g £ g 3 g £ g =z g £ g =z g 3
ERE I ' ' oz
2 I3 L I 2 I3 L I 2 I3 L I 2 &
3 £ g £ 3 £ & ¢ 3 £ & g 3 ¢
r
-1 09 08 07 0605 0+ 0o 0o 00 05 06 07 08 09 1

Index

WRF-CMAQ

WRF-DEHM




image4.png
MSE of the spectral components - CO - DJF - NA - region3
D [=11] sY LT

30000 O mMSE

2000

'WRF-CAMx .

CCLM-CMAQ
WRF-CAMx i
WRF-CMAQ 1
WRF-DEHM
CCLM-CMAQ
WRF-CAMx — «
WRF-CMAQ
WRF-DEHM
CCLM-CMAQ
WRF-CMAQ 4
WRF-DEHM
CCLM-CMAQ
WRF-CAMx
WRF-CMAQ
WRF-DEHM

r
-1 09 08 07 0605 0+ 0o 0o 00 05 06 07 08 09 1

Index




image5.png
bu sy LT

MSE of the spectral components - NO - DJF - EU - region1

D

H VIS 30T

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image6.png
bu sy LT

MSE of the spectral components - NO - DJF - EU - region3

D

H VIS 30T

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image7.png
LT

O mMSE
o var

150
B pias?

100

50

0

sy

bu

6
5
4
3

2
1
0

05 06 07 08 09 1

01

Index

MSE of the spectral components - NO2 - DJF - EU - region1

D

12

10

8

6

4

: I
o J LI AR A

H WYTIS-2MN03

10
08

6
04
02
0.0

 add

09 08 -07 06 05 04 00 L0 0

-1





image8.png
bu sy LT

MSE of the spectral components - NO2 - DJF - EU - region3

D

H WYTIS-2MN03

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image9.png
MSE of the spectral components - NO2 - DJF - NA - region1

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

05 06 07 08 09 1

01

02 010

09 08 -07 06 05 04 00

-1

Index




image10.png
MSE of the spectral components - NO2 - DJF - NA - region3

LT

sy

bu

D

20

O mMSE

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

05 06 07 08 09 1

01

02 010

09 08 -07 06 05 04 00

-1

Index




image11.png
bu sy LT

MSE of the spectral components - ozone - May-September - EU - region1

D

H WYTIS-2MN03

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image12.png
MSE of the spectral components - ozone - May-September - EU - region3

LT

sy

bu

D

YOV~
£ OVID-Ja
2 OVID-J
[eeRy
I auiio-4aNo3

H WYTIS-2MN03

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image13.png
MSE of the spectral components - ozone - May-September - NA - region1

LT

O mMSE

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

[(EEN

OV

XANO S

OVWOWIOD

05 06 07 08 09 1

01

02 010

09 08 -07 06 05 04 00

-1

Index




image14.png
MSE of the spectral components - ozone - May-September - NA - region2
D [=11] sY LT
20

O mMSE

15 1

WRF-CAMx

COLM-CMAQ { +
WRF-CAMx
WRF-CMAQ |
WRF-DEHM
COLM-CMAQ -|
WRF-CMAQ {4
WRF-DEHM —}
COLM-CMAQ
COLM-CMAQ
WRF-CAMx
WRF-CMAQ
WRF-DEHM

r
-1 09 08 07 06 05 04 oo o0

05 06 07 08 09 1

Index




image15.png
MSE of the spectral components - SO2 - DJF - EU - region1

LT

sy

bu

D

10

08

06

Ladd

04

2

0.0

H WYTIS-2MN03

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image16.png
MSE of the spectral components - SO2 - DJF - EU - region3

LT

sy

bu

D

10

08

06

Ladd ©

H VIS 30T

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image17.png
30

25

CCLM-CMAQ

MSE of the spectral components - SO2 - DJF - NA - region2
sy

D bu

~

]
=]
=

WRF-CMAQ
WRF-DEHM
CCLM-CMAQ 1

CCLM-CMAQ
CCLM-CMAQ

LT

mMSE
var

WRF-CMAQ

-1

r
09 08 07 06 05 04 00 L0 00

05 06 07 08 09 1

Index

WRF-DEHM




image18.png
D

10

08

06

04

02

e e
=1 =1 =
H H ]
2 2 2
B o o
EI

moo

08

MSE of the spectral components - SO2 - DJF - NA - region3
[=11] sY

1.0
08
06
04
02

+

| ol

T T =00 T T

CO EO

3 o = g 2

2 s s 2 s

3 & & 3 &

WRF-DEHM
CCLM-CMAQ

LT

mMSE
var

bias?

WRF-CMAQ

-1

09 08 07 06 05 04 00 L0 00

05 06 07 08 09 1

Index

WRF-DEHM




image19.png
MSE of the spectral components - PM10 - DJF - EU - region1

LT

sy

bu

D

20

(gwizbn)

H VIS 30T

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image20.png
sY

MSE of the spectral components - PM10 - DJF - EU - region3
[=11]

D

H WYTIS-2MN03

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

-1

Index




image21.png
WRF-CMAQ

MSE of the spectral components - PM25h - DJF - NA - region1
D [=11] sY LT

IS

~

~

0

=

WRF-DEHM
WRF-CMAQ
WRF-CMAQ
WRF-DEHM |
WRF-CMAQ
WRF-DEHM

-1

WRF-DEHM AI

09 08 07 06 05 04 0 02 00 o o . 05 06 07 08 09 1

Index




image22.png
MSE of the spectral components - PM25h - DJF - NA - region3
D [=11] sy

g z g z g z g
- & - & - & -
3 4 3 4 3 g 3
H H H H H H H

r
-1 09 08 07 0605 0+ 0o 0o 00 05 06 07 08 09 1

Index

WRF-DEHM




image23.tiff
NO2 mean bias (ppb)

1y

JUA_EU2

.
A9
[ ]
[
0 5 10

©ozone mean bias (ppb)

NOxspit
®wn
Asss
mos




image24.tiff
NO2 mean bias (ppb)

DJF_EU2

IS

©ozone mean bias (ppb)

temp_bias.
00
s
NOxspit
®wn
Asss
mos




image25.tiff
9

NO2 mean bias (ppb)

JJA_NAZ

5 10
ozone mean bias (ppb)

NOxspit
@
Aoss

tomp_bias.
05
00
s




image26.tiff
NO2 mean bias (ppb)

DJF_NA2

©ozone mean bias (ppb)

NOxspit
@
Asss

temp.bias




image27.tiff
acf
0.0

acf
0.0

acf
0.0

acf
0.0

1.0

05

0.5

1.0

05

0.5

1.0

05

0.5

1.0

05

0.5

LT component - acf of time series of ozone - Year - EU - continent

1 L 1 L 1 L 1 L
0 ]000 000 3000 0 ]000 000 3000 0 ]000 000 3000 0 ]000 000 3000

OLII' OLII' OLII' OLII'




image28.tiff
acf

acf

LT component - acf of time series of ozone - Year - NA - continent

185

o

R

1501 2500 3500

lag (hour)

0

500

150!

lag

500 3500
houﬁ

500

1501 500
lag houﬁ

3500




image29.png




image30.png
‘actdelia_hours - 05 CLLM-CHAQH





image31.png




image32.png




image33.png




image34.png




image35.png




image36.png
‘actdelta_hours - 05 WRF-CHMAGQ_S





image37.png
‘actdelta_hours - 05 WRF-CMAQ_2





image38.png
‘actdelia_hours - 05 WRF-CHMAQ1





image39.png




image40.png




image41.png




image42.png




image43.png
actdefta_hours - 05 LLLA-CMAR





image44.png
O3 WRF-DERR

‘act delta_hours -





image45.png
05 WRF-LANX:

‘act delta_hours -





image46.png
U9 WRF-LMAR

‘act delta_hours -





image1.png
LT

sy

1400

MSE of the spectral components - CO - DJF - EU - region1
[=11]

D

T e AeE

H WYTIS-2MN03

150
100
5

Ladd

05 06 07 08 09 1

01

09 08 07 06 05 04 -03 02 01 0
Index

-1





image2.png
bu sy LT

MSE of the spectral components - CO - DJF - EU - region3

D

T e AeE

H VIS 30T

5 S

05 06 07 08 09 1

01

09 08 07 06 05 04 -03 02 01 0
Index

-1





