
Introduction 
The 2007 wildfires in Peloponnese lasted for ~13 days  
(21 Aug. – 2 Sept. ) and were responsible for the 
destruction of 2% of the Greek land surface and the 
death of 64 humans (Liu et al., 2009; Founda and 
Giannakopoulos, 2009).  

 

 

 

 

 

 

 

 

 

 

 

 

Model applications with COSMO_ART (Vogel et al., 
2009) have shown fire plumes extending 500 (-1500) 
km downwind the fire spots (Fig. 1), around 3.6 km 
agl in the vertical over the fire spots (white embedded 
rectangle), and up to 4.5 km asl in distances greater 
than 150 km downwind (eg. Athens) (Athanasopoulou 
et al., 2012a).  

Aerosol optical depth (AOD) was predicted above 0.4 
(and up to 1) over Peloponnese, and was compared 
well to measurements (Athanasopoulou et al., 2012b).  

   

 

Methodology  

Simulations with the model system COSMO_ART were 
performed between August 15 and September 13 
with a horizontal resolution of 2.8 km and a vertical 
extent up to 20 km. To study the impact of the 
wildfire emissions on the radiative fluxes the actual 
aerosol load is taken into account in the GRAALS 
(Ritter and Geleyn, 1992) radiation scheme of the 
COSMO model. 

The anthropogenic emission database used is the 
TNO/MACC (Kuenen et al. 2011). Fires are 
represented as hourly emission rates of gaseous (CO, 
NO, NH3, SO2, NMHC) and carbonaceous aerosol 
species (Organic and Elemental carbon). The data 
processed and used are retrieved from the GFED, 
Version 3 (van der Werf et al., 2010; Mu et al., 2010).  

Two simulations are compared: the standard run and 
a scenario excluding fire emissions. 

The thermal radiation from fires is incorporated into 
the temperature tendency calculations of COSMO-
ART (lowest model level), by using fire radiative 
power (FRP) observations.  Then, an additional model 
scenario is performed. 
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Results 
Wildfires and atmospheric chemistry 
The emission of NOx and non-methane hydrocarbons 
(NMHC) during the fire event, determines O3 balance in 
the area. NOx emissions resulted to high ambient 
concentrations (80 – 100 ppb) over the fire spots that in 
turn led to O3 removal via titration (15 – 35 ppb). 
Downwind the fires, NOx levels were much lower (<30 
ppb, Fig. 2) and O3 is accumulated (50 – 70 ppb). Similar 
O3 levels and behavior were also observed over the 
Aegean Sea, Greece, during July 2000, under high NOx 
due to fresh burning (Kouvarakis et al., 2002). O3 
titration also takes place in the vertical and up to an 
altitude of 300 m, above which O3 changes become 
again positive. Fires contribute to O3 exceedances (daily 
value of 60 ppb) at the area with positive Ο3 changes, 
where absolute ground O3 daily values reach 70 ppb. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radiative & temperature impact of wildfires 
In this event (clear-sky conditions), the net radiative 
cooling of aerosols reaches 10/50 Wm-2 (3-day-
averaged / maximum hourly value) over the fire spots 
and decreases down to 2.5-10/ 10-50 Wm-2 downwind. 
In particular, the increase in aerosol load primarily by 
organic matter enhances scattering effects, thus 
reduces the shortwave flux towards the surface (Fig. 
3a). There is also a positive forcing due to the effect of 
the fire plume on the upward long-wave flux, though 
much weaker (Fig. 3b). The corresponding decrease in 
temperature (at 2 m altitude) is calculated up to -0.5 / -
2 K (Fig. 3c). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Conclusions 
 The burnt area acts as an urban zone for O3. 

Downwind, O3 is increased above health limit. The 
contribution of fire emissions to O3 production  (up 
to +10 ppb) occurs above 300m agl. 

 ΔSWs due to fire particles leads to a cooling over 
land (-2 K, max. hourly value). Over sea, T2m is 
increased (+2 K max. hourly value). 

 These temperature modifications lead to a 
stabilization of  the atmosphere especially over the 
sea. 

 The impact of the direct heat input on T2m is lower 
than the radiative impact of the ash cloud by 
approximately 2 orders of magnitude. 
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Peloponnese 
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Fig. 1. Fire plumes in Greece, 25 August 2007. (a) MODIS image of smoke 
(the red rectangle is the modeling domain), (b) COSMO_ART model output 
of total carbon concentration (μg m-3). 
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Aim  

The challenge for this study was the estimation of: 

 the effect of fire emissions on atmospheric 
chemistry, 

 the radiative and temperature impact of fire-
induced aerosols, 

 the influence of the direct heat input of forest 
fires to atmospheric temperature and aerosol 
distribution. 

 

 
Fig. 2. Spatial distribution of 
concentration differences 
(standard run - scenario 
without fire emissions) of: (a) 
surface nitrogen oxides 
(ΔNOx, ppb), (b) surface 
ozone (ΔO3, ppb), (c) ozone 
(ΔO3, ppb) at the level of 
1000 m, averaged over the  
extreme fire period (25 – 27 
Aug.) of summer 2007. 
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Radiative & temperature impact of wildfires 

(continue) 
A warming effect of aerosols (up to 1 K, hourly value) 
is noticed over sea downwind fires (embedded in Fig. 
3c). It is related to the absorption amplification  when 
black carbon is internally mixed with organic matter 
away from source (Fig. 4a). Absorbing aerosols within 
the plume stabilize the atmosphere and –since the sea 
surface temperature is constant- lead to an increase in 
temperature close to the surface. Over land, the 
surface temperature is decreased (Fig. 4b) following 
radiation decrease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Thermal radiation of wildfires 
The predicted FRP reaches the maximum values of 2.5 
W m-2, depending on fire intensity and fuel load. The 
subsequent temperature change is calculated up to 
0.01 K at 2 m altitude averaged over Peloponnese and 
the adjacent ocean (red rectangle in Fig. 5) for 25 Aug. 
2007. This minor impact is also shown if the FRP is 
multiplied by a 
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Fig. 3. Spatial distribution of 
differences (standard run - 
scenario without fire emissions) 
of: (a) short-wave surface 
radiation (ΔSWs, W m-2), (b) long-
wave surface radiation (ΔLWs, W 
m-2), (c) air temperature at 2m 
(ΔT2m, K), averaged over the 
extreme fire period (25 – 27 Aug.) 
of summer 2007. Embedded lies 
an hourly (26 Aug., 1200 UTC) 

ΔT2m plot. 
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Fig. 4. Vertical profiles over water (a) and land (b), of: air temperature (K) 
from the standard run (red lines), air temperature (K) from the scenario 
without fire emissions (blue lines), soot particle (brown lines) and aged/ 
internally mixed particle (green lines) concentration differences  
(standard run - scenario without fire emissions, μg m-3) on 26 Aug. 2007, 
1200 UTC. 

Fig. 5. Spatial mean temperature differences (FRP scenarios – standard 
run from the embedded red box, in K) for 25 Aug. 2007. 

factor of 100. 
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