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Objective 

A very common question regarding the models in general and 

air quality models in particular, is as follows: 

 

How well the model is performing? 

 

Are the results have been evaluated?? 

 

This work pretend to answer these questions, but 

also evaluate how continuous improvement 

processes have influenced the operation of 

CALIOPE Air Quality Forecasting System 



Dr. J.M. Baldasano 1994 Science 263, 5174: 641-646. 
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The CALIOPE air quality forecast system 

2 km x 2 km 

4 km x 4 km 
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Forecast evaluation 

Daily forecast evaluation for meteorology and air quality 

Accumulated Near Real Time  

evaluation sheet by station 

Annual evaluation by air quality stations 

Air quality stations (971) 

N = 278

n MB

n B

n A

n M

n MM

N = 143

n MB

n B

n A

n M

n MM

N = 86

n MB

n B

n A

n M

n MM

N = 49

n MB

n B

n A

n M

n MM

N = 43

n MB

n B

n A

n M

n MM

N = 83

n MB

n B

n A

n M

n MM

N = 124

n MB

n B

n A

n M

n MM

Fo
n

d
o

              MB                 r       RMSE

To
d

as
U

rb
an

as
Su

b
u

rb
an

as
R

u
ra

le
s

Tr
áf

ci
o

In
d

u
st

ri
al

100
%

0%
0% 0%

0%

44%

42%

10%3%
1% 15%

62%

17%

5%
1%

99%

1%0%

0% 0%

10%

66%

20%

3%

1%

100
%

0%

0%

0%
0%

13%

58%

20%

7%

2%

100
%

0%
0%

0%

31%

59%

6%

4%

0%

100
%

0% 0%

0%0%
16%

63%

21%
0% 0%

100
%

0%
0%

0%0%
15%

55%

23%

6%

1%

99%

1%0%

0%

0%

19%

59%

14%

6% 2%

53%37%

8%
1% 1%

31%

52%

9%

6% 1%

41%

41%

16%

2% 0%

23%

58%

16%

2% 0%

40%

46%

12%
0% 1%

45%
40%

8%

6%
1%

Daily Near Real Time evaluation 

O3, NO2, SO2, PM10 and PM2.5 

Yearly annual evaluation report 

 483 for Spain 
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Confidence on the CALIOPE AQF system 

(Baldasano et al, 2008)  

1. Peer Review Publications: 

 

 

2. Near-Real Time (NRT) evaluation: 

 Domain  Reference 

Europe 
Pay et al (2010, 2012a) 

Basart et al (2012) Schap et al. (2014) 

Spain 

Baldasano et al (2008, 2011) 

Pay et al (2011, 2012b, 2014) 

Borrego et al (2011) Sicardi et al (2012) 

Barcelona & Madrid Gonçalves et al (2009) Soret et al. (2011) 

Cataluña (NE Spain) Jiménez et al (2008) Aguilera et al (2013) 
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Main changes implemented into the CALIOPE System 

(2007–2014) 

MNv2 

MNv3 

Machine upgrade 

2011 

2012 

 WRF upgrade 

 HERMES_DISv2 and EMEP update 2008 

 BCON LMDZ-INCA monthly avg 2004 

 KF IP incorporation 

 
 WRF upgrade 

 EMEP update 2009 

 BSC-DREAM8b upgrade 

 HERMESv2 major upgrade (methodology and databases) and MEGAN inclusion 

 CMAQ major upgrade (CB5 instead CB4 and AERO 5 instead AERO 4) 

 KF EU incorporation 

2009 
 WRF upgrade  

 BCON LMDZ-INCA (daily) 
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Main changes implemented into the CALIOPE System 

(2007–2014) 

MNv2 

MNv3 

2013 

2014 

 WRF upgrade + USGS land uses default database, changed by CORINE Land Cover v16 

       + SRTM (90m) default terrain, changed by Digital Elevation Database v4.1 from NASA 

 EMEP update 

 CMAQ upgraded and In-line plume rise calculation 

 WRF upgrade 

 BCON MOZART 4/ GEOS-5 (6h) from NCARG Machine upgrade 
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Air quality stations: data availability 

Yearly availability O3 stations (No.) 

Yearly availability NO2 stations (No.) 

Yearly availability PM2.5 stations (No.) Yearly availability PM10 stations (No.) 

Observation data sources 

From 2011 up to now 

 

1.8 times more stations 

 

4.1 times more observations 

Yearly 

icreasing 

2013 

2012 

2009 

2011 

Revision 

2014 
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Number of stations by pollutant (validated and 

not validated) 

For the year 2013, not validated data are about to 80 – 85 % of the validated observation 

for O3, NO2 and PM10 and about to 60% for the PM2.5. 

Number of stations for O3  

Number of stations for PM10 Number of stations for PM2.5  

Number of stations for NO2  
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O3 Annual average on hourly basis (KF) 

Annual Mean O3 (µg/m3) Mean Bias O3 (µg/m3) 

RMSE O3 (µg/m3) Correlation O3  

2013 
 WRF upgrade 

 BCON NCAR MOZART 4/ GEOS-5 (6h) in 20130830 

2014 

 WRF upgrade + USGS land uses default database, changed by CORINE Land Cover v16 

       + SRTM (90m) default terrain, changed by Digital Elevation Database v4.1 de la NASA 

 EMEP update 

 CMAQ upgraded and In-line plume rise calculation 
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NO2 Annual average on hourly basis (KF)  

Annual Mean NO2 (µg/m3) Mean Bias NO2 (µg/m3) 

RMSE NO2 (µg/m3) Correlation NO2  

2012 

 WRF upgrade 

 EMEP update 2009 

 BSC-DREAM8b upgrade 

 HERMESv2 major upgrade (methodology and databases) and MEGAN inclusion 

 CMAQv5.0 major upgrade (CB5 instead CB4 and AERO 5 instead AERO 4) 

2014 

 WRF upgrade + USGS land uses default database, changed by CORINE Land Cover v16 

       + SRTM (90m) default terrain, changed by Digital Elevation Database v4.1 from NASA 

 EMEP update 

 CMAQ upgraded and In-line plume rise calculation 
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SO2 Annual average on hourly basis 

2012 

2014 

 WRF upgrade + USGS land uses default database, changed by CORINE Land Cover v16 

       + SRTM (90m) default terrain, changed by Digital Elevation Database v4.1 de la NASA 

 EMEP update 

 CMAQ upgraded and In-line plume rise calculation 

Annual Mean SO2 (µg/m3) Mean Bias SO2 (µg/m3) 

RMSE SO2 (µg/m3) Correlation SO2  

 WRF upgrade 

 EMEP update 2009 

 BSC-DREAM8b upgrade 

 HERMESv2 major upgrade (methodology and databases) and MEGAN inclusion 

 CMAQv5.0 major upgrade (CB5 instead CB4 and AERO 5 instead AERO 4) 
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PM10 Annual average on hourly basis (KF) 

2012 

2014 

 WRF upgrade + USGS land uses default database, changed by CORINE Land Cover v16 

       + SRTM (90m) default terrain, changed by Digital Elevation Database v4.1 de la NASA 

 EMEP update 

 CMAQ upgraded and In-line plume rise calculation 

Annual Mean PM10 (µg/m3) Mean Bias PM10 (µg/m3) 

RMSE PM10 (µg/m3) Correlation PM10  

 WRF upgrade 

 EMEP update 2009 

 BSC-DREAM8b upgrade 

 HERMESv2 major upgrade (methodology and databases) and MEGAN inclusion 

 CMAQv5.0 major upgrade (CB5 instead CB4 and AERO 5 instead AERO 4) 
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PM2.5 Annual average on hourly basis (KF) 

2012 

2014 

 WRF upgrade + USGS land uses default database, changed by CORINE Land Cover v16 

       + SRTM (90m) default terrain, changed by Digital Elevation Database v4.1 de la NASA 

 EMEP update 

 CMAQ upgraded and In-line plume rise calculation 

Annual Mean PM2.5 (µg/m3) Mean Bias PM2.5 (µg/m3) 

RMSE PM2.5 (µg/m3) Correlation PM2.5  

 WRF upgrade 

 EMEP update 2009 

 BSC-DREAM8b upgrade 

 HERMESv2 major upgrade (methodology and databases) and MEGAN inclusion 

 CMAQv5.0 major upgrade (CB5 instead CB4 and AERO 5 instead AERO 4) 
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Comparison of the CALIOPE maps result for the Iberian 

Peninsula (2011- 2014) 
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O3 from April to September mean on hourly 

basis 

2011 

2014 

2012 

2013 

4.5 v3.2 
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Better 

emissions 

definition 

NO2 Annual mean on hourly basis 

v4.5 v3.2 

2011 

2014 

2012 

2013 
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PM10 Annual mean on hourly basis 

v4.5 v3.2 

2011 

2014 

2012 

2013 
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PM10 by model contribution 



21 

PM2.5 Annual mean on hourly basis 

4.5 v3.2 

2011 

2014 

2012 

2013 
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PM2.5 by model contribution 
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Evaluation of the CALIOPE results  

with and without Kalman Filter (KF)  

respect  

to the use not validated (NV) or validated observations (V) 



On the usage of observations 

model output 

data assimilation 

bias-adjustment: KF 

time now 

Air quality observations: NV (NRT) vs V 
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Annual mean O3 (µg/m3) 

Observations:  OBS-V: Validated 

   OBS-NV: Not Validated 

Annual correlation O3 

Annual Mean Bias O3 (µg/m3) 

Annual Run Mean Square Error O3 (µg/m3) 

        O3-KFV: KF evaluated with validated observations 

-----  O3-KFNV: KF evaluated with not validated observations 

        O3-V: Model evaluated with validated observations 

-----  O3-NV: Model evaluated with not validated observations 

O3 Annual average on hourly basis 

For the validated observations  with KF the MB is reduced in average ~60%, the correlation is improved in ~50%  and the 

RMSE is reduced in ~50%  
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Observations:  OBS-V: Validated 

   OBS-NV: Not Validated 

Annual mean NO2 (µg/m3) 

Annual correlation NO2  

Annual Mean Bias NO2 (µg/m3) 

Annual Run Mean Square Error NO2 (µg/m3) 

        O3-KFV: KF evaluated with validated observations 

-----  O3-KFNV: KF evaluated with not validated observations 

        O3-V: Model evaluated with validated observations 

-----  O3-NV: Model evaluated with not validated observations 

NO2 Annual average on hourly basis 

For the validated observations  with KF the MB is reduced in average ~71%, the correlation is improved in ~43%  and the 

RMSE is reduced in ~24%  
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Observations:  OBS-V: Validated 

   OBS-NV: Not Validated 

Annual mean PM10 (µg/m3) 

Annual correlation PM10 

Annual Mean Bias PM10 (µg/m3) 

Annual Run Mean Square Error PM10 (µg/m3) 

        O3-KFV: KF evaluated with validated observations 

-----  O3-KFNV: KF evaluated with not validated observations 

        O3-V: Model evaluated with validated observations 

-----  O3-NV: Model evaluated with not validated observations 

PM10 Annual average on hourly basis 

For the validated observations  with KF the MB is reduced in average ~74%, the correlation is improved in ~24%  and the 

RMSE is reduced in ~25%  
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Observations:  OBS-V: Validated 

   OBS-NV: Not Validated 

Annual mean PM2.5 (µg/m3) 

Annual correlation PM2.5 

Annual Mean Bias PM2.5 (µg/m3) 

Annual Run Mean Square Error PM2.5 (µg/m3) 

        O3-KFV: KF evaluated with validated observations 

-----  O3-KFNV: KF evaluated with not validated observations 

        O3-V: Model evaluated with validated observations 

-----  O3-NV: Model evaluated with not validated observations 

PM2.5 Annual average on hourly basis 

For the validated observations  with KF the MB is reduced in average ~56%, the correlation is improved in ~16%  and the 

RMSE is reduced in ~20%  
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Conclusions 

 The KF post-process has contributed to improving significantly the air quality 

forecast results for O3, NO2, PM10 and PM2.5.  

 

 MB and RMSE were reduced after the application of KF: between 50-75% 

and 20-30%, respectively; and r has increased for all pollutants: O3: 51%, 

NO2: 43%, PM10: 25% and PM2.5: 16%. 

 

 O3 skills are difficult to improve because depend strongly of the boundary 

conditions and the nocturnal chemistry. 

 

 NO2 skills are improved, especially the r and RMSE; the MB has also 

improved due to improved levels. 

 

 PM10 and PM2.5 have about the same behavior of the NO2, the r and 

RMSE have improved, but the mean of the model is roughly constant. 

 

 The use of validated observations (no NRT) improve the statistical skills. 



CALIOPE AQFS team (2006-2014)  
and institutional support 

V. Sicardi 

… 

Thanks for your attention 
 

jose.baldasano@bsc.es 


