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Aerosol - climate interactions 



Anthro. pressure Regional climatic and  
Environmental impacts  

Climate change 

 Interaction between atmospheric chemistry, climate, and biogeochemical cylces in a 
changing environment.  
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Dust Short Wave radiative forcing 

absorption 
scattering 

Aerosol optical depth AOD describes the 
aerosol extinction due to the sum of 
absorption and scattering effects. 

surface 

F0 

F0.e-AOD 

Outgoing 
flux 

Incoming 
solar flux 

TOA SW Radiative forcing : difference 
of outgoing fluxes without and with 
aerosol  

All other atmospheric and surface 
variables being fixed. 

> 0. = warming of the system 

< 0. = cooling of the system  

SRF SW Radiative forcing : difference 
of net flux at the surface 

Always < 0. = cooling of the surface  
 

Direct effect 



Dust Long Wave radiative forcing 
Atmospheric layers absorb and emit (grey body)  in thermal radiation range. 
Radiative equilibrium between layers 

surface

ABS EM

surface

ABS EM

TOA LW Radiative forcing : difference 
of outgoing fluxes without and with 
aerosol  

All other atmospheric and surface 
variables being fixed  

SRF LW Radiative forcing : difference 
of net flux at the surface 

Always  > 0. = relative warming of the 
surface …  
 



Indirect effects …not yet in regcm (or very simplified) 

Aerosol deposition on snow 

Impact on climate via biogeochemical effects 

Aerosol /cloud interactions 





Aerosols in RegCM3-4.1  

RegCM4.2 : Sea-Salt, Gas phase chemistry 
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Tracer model / RegCM4.1  
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Dust aerosol on-line module in the ICTP RegCM model 

No cloud microphysics interaction ! 



In this study :  Grell + FC,  Resolution of 60 km ! 

AOD 





DJF 

JJAS 

contour =[0 0.01 0.1 1 5 10 15] mg.m-2.day 
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climate model 

absorption 
diffusion     
emission radt

T
⎥⎦

⎤
⎢⎣

⎡
∂

∂
δ

HLEF ,δ

Transport and 
removal 

BB emissions 
LA + JRC(ISPRA) 
From burnt area 
products 
Inventory 
0.5 deg 
10 days 

BB aerosol module  



Impact during intense 
outflow conditions  ?  

selected using a SOM 
 ( applied to AOD ) 

mm/day 



RegCM3 

RegCM4 

chemistry/aerosol scheme in RegCM 

‘Simple’ 
aerosol 
module 

sulphate 
Water 

SOAB 

nitrate 
pH	



in each bin: 
Absorption/adsorption  
+ internal equilibrium 

 Inorganic  
Condensable 

H2SO4 
NH3, HNO3 

Organic  
Condensable  
SOAA, SOAB 

COV	



SO2	


NOx	



Gaseous chemistry 

BC 
sea-salt 

dust 

OCp 

Aerosol sectional 
model qqs-40µm 

SOAA 
ammonium 

Hygroscopic 
properties 

Optical 
properties 

RegCM3/chem 

( < 1 year) 
sea salt / DMS scheme 
gas phase chemistry 
 
(longer term 2-3 years) 
inorganic aerosol 
full aerosol 



On	
  going	
  developments	
  in	
  RegCM	
  	
  
(relevant	
  to	
  charmex,	
  hymex,	
  medcordex)	
  	
  

Indirect	
  effects	
  	
  	
  	
  

Credit : Shallaby, Zakey, Steiner, Sillman, Stordal, Giorgi  
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Simulation of the 
evolution of ozone 
concentration 
during  Aug 2003 
heat wave  

Each panel displays a concentration 
field in (ppbv) at 14 h UT. 
 (a) 1-August, 
 (b) 4-August, 
 (c) 8-August, 
 (d) 10-August, 
 (e) 12-August, 
 (f) 16-August.  

(ppbv)  


