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2 Developed at the Karlsruhe Institute for  
Technology, Germany (Vogel et al., 2009) 

1 regional chemistry transport model 
ART stands for Aerosols and  
Reactive Trace gases 
online-coupled to the COSMO regional  
numerical  weather prediction and  
climate model  (Baldauf et al., 2011) 
Radiation feedback: aerosols interact with 
radiation and temperature (GRAALS 
radiation scheme)  

COSMO-ART1,2 application over the Greater 
Greek area: 15 August – 13 September 2007 
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Initial and Boundary Meteorological input:  
Coarser COSMO model results by DWD 
Initial and Boundary Gaseous pollution: 
MOZART-NCEP model results 
Anthropogenic Emission database: TNO/MACC 
Fire Emission database: GFED (version 3) 
Runge-Kutta time integration scheme, dt = 15” 
Horizontal spacing: 2.8 km 
Vertical extent: ~20km, 
1st layer height: ~20m 

Peloponese 



Kg /cell /hr 

The Global Fire Emissions Database, Version 3 (van der Werf et al., 2010; Mu et al., 2011) 

Kg /cell /hr 

Modeling domain with spatial resolution of 2.8 km 
(0.025°, in rotated geographical co-ordinates).  

Hourly emission rates in 0.5° spatial resolution for 
• gases: CO, NO, NH3, SO2, N2O, NMHC (a-pinene, ethane, propane, alkanes, propene, alkenes, 
ethene, isoprene, toluene, xylene, formaldehyde, higher aldehydes, higher ketones) 

• aerosols (PM1): Elemental carbon, Organic carbon 

25 August 2007, 14:00 LT 

GFED2COSMO-ART 
preprocessor developed by 

KIT and EMPA 

Peloponese 

Athens 



Canadian Forest Fire Weather Index (FWI) 

 daily meteorological-based index used worldwide to 
estimate fire danger in a generalized fuel type 

 depends on daily noon measurements of T dry-bulb 
RH, U10m & acc.Prec. 24 h 
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Evaluation & Calibration of FWI index  for Greece 
 Meteorological data for 11 stations: Hellenic National 
Meteorological Service  
 Fire data: Forest Special Secretariat of the Ministry of 
Environment, Energy & Climate Change 
 15-year period: 1983-1997 
Thresholds of extreme fire risk 
 1fire/day when FWI>15  
 1fire/day when FWI>30 
 1fire/day when FWI>40 



FWI during the 2007 wildfire events  
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Methoni 

FWI threshold 

August  September 
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FWI during the 2007 wildfire events  
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Daily average Aerosol Total Carbon* 
concentrations (μgm-3) during the 2007 

wildfire events  

Peloponese 

Athens 



Spatial distribution of different 
pollutants: concentration differences 

from a scenario without fire emissions 
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Total carbon  
Organic carbon 

Elemental carbon  

Secondary Organic carbon  

μgm-3 

OC/EC ~ 15 SOA/TOA ~ 5-25% 

22 August – 2 September 2007 

Peloponese 

Athens 

   Portugal 2003: OC/EC ~ 7 (Pio et al., 2008) 
Attica, GR 2009: OC/EC ~ 10–14 (Amiridis et al., 2011) 

Greece, May 2008: SOA/TOA ~ 80-95% 
(Athanasopoulou et al., EAC2011) 



Spatial distribution of different 
pollutants: concentration differences 

from a scenario without fire emissions 
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NOx μgm-3 Ozone 
ppb 

Peloponese 

Athens 

22 August – 2 September 2007 



Stira 

Aristotelous 

Kalamata 

Methoni 
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Hourly concentrations of organic aerosol 
(μgm-3) during the 2007 wildfire events  

Vertical extent of fire plumes 
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First pollution episode 24–29 August 2007 
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Spatial distribution of 
hourly concentrations 
(μgm-3) of 

organic aerosol 

Peloponese 

Athens 

Horizontal extent of fire plumes 

MODIS image of smoke from fires in 
Greece, August 2007, Liu et al., 2009 



Cross sections of hourly concentrations (μgm-3) of organic aerosol 
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25 Aug 08:00             12:00                  23:00LST       26 Aug 10:00        18:00LST 

Peloponese 

Athens 

NE 

First pollution episode 24–29 August 2007 
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Temporal extent of fire plumes 

Peloponese 

Athens 

Spatial distribution of 
hourly concentrations 
(μgm-3) of 

organic aerosol 

Second pollution episode 
30 August – 3 September 2007 
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Peloponese 

Athens 

1 Sept 13:00                            18:00                                20:00LST 

SW 

Cross sections of hourly concentrations (μgm-3) of organic aerosol 

Second pollution episode 
30 August – 3 September 2007 



Direct radiative effect of aerosols from 
the 2007 wildfire events  

Athanasopoulou et al., Fire risk and air pollution assessment during the 2007 wildfire events in Greece using COSMO-ART 16 

Radiation differences from a scenario without fire emissions 
22 August – 2 September 2007 

Total surface Radiation effect 

Short-wave surface  
Radiation effect 

Long-wave surface  
Radiation effect Wm-2 



Ongoing & Future work 

• Incorporate the FWI model in the weather forecast 
service by NOA 

• Downscale fire emissions: retrieve and process high 
resolution burnt area data 

• Incorporate an algorithm in COSMO-ART, which 
simulates air temperature increase during wild fires 

• Expand the simulation area towards Africa: identify 
the real spatial extend of fires – capture the Saharan 
event  

• Project the impact a future fire event on air quality: 
comparative scenario with inputs from future 
meteorological model outputs 

17 Athanasopoulou et al., Fire risk and air pollution assessment during the 2007 wildfire events in Greece using COSMO-ART 



Eleni Athanasopoulou, Christos Giannakopoulos, Maria Hatzaki, 
Heike Vogel, Daniel Rieger, Christoph Knote, Bernhard Vogel, 
Anna Karali 

Institute of Environmental Research and Sustainable Development 
National Observatory of Athens (NOA), Greece 
Institute for Meteorology and Climate Research, Karlsruhe Institute of 
Technology (KIT), Germany 
Laboratory for Air Pollution/Env. Technology, EMPA Materials and 
Science, Switzerland 

Fire risk and air pollution assessment 
during the 2007 wildfire events in Greece 

using the COSMO-ART atmospheric model 

This work was supported by the EU project CLIMRUN under contract FP7-ENV-2010-265192 


