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OVERVIEW     

Aerosol retrieval: from Meteosat First 
Generation to Meteosat Third Generation: 
 
1.  Heritage from Meteosat First Generation 
2.  Benefit from MSG/SEVIRI 
3.  Potential of MTG/FCI 
4.  Conclusions 



HERITAGE FROM MFG     

• Development of an algorithm 
(GSA) for the retrieval of surface 
albedo from archived MFG 
observations (1997) 

• Simultaneous retrieval of surface 
reflectance and aerosol optical 
thickness (by-product). 

• Daily accumulation of the 
observations to characterise the 
surface anisotropy. 

• 10-day composite to minimise the 
cloud effects. 



4	  

Absorbing atmosphere 

Scattering atmosphere 

Forward model y 
• Atmosphere is composed of one 
absorbing gas layer and one 
scattering layer 

• Atmospheric and surface scattering 
properties are constant along the day 

• Surface scattering properties can be 
represented by the RPV BRF model 

State variables x of y 
Model : 
• ozone Uoz (TOMS)	   
• Water vapour Uwv (ECMWF) 
Retrieved : 
• aerosol optical thickness τ 
• surface reflectance level ρ0 
• surface anisotropy k, Θ 
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FORWARD	  MODEL	  

ρ0,	  k,	  Θ	  
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HERITAGE FROM MFG     
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BENEFIT FROM SEVIRI     

•  Improved	  spectral	  resolu1on	  
• 	  3	  solar	  channels	  
• 	  15	  min	  repeat	  cycle	  

The	  major	  improvements	  with	  
respect	  to	  the	  GSA	  algorithm	  are:	  
•  Inversion	  based	  on	  op1mal	  
es1ma1on	  with	  surface	  prior	  
informa1on	  based	  on	  its	  temporal	  
invariance.	  

• Es1ma1on	  of	  the	  daily	  mean	  
aerosol	  op1cal	  thickness	  and	  
es1mated	  error.	  

• Use	  of	  6	  different	  aerosol	  classes	  
including	  non-‐spherical	  par1cles	  
derived	  from	  AERONET.	  



• Non-‐spherical	  classes:	  
organised	  according	  to	  the	  
asymmetry	  parameter	  
• è	  determined	  by	  the	  ra1o	  
between	  large	  and	  small	  
par1cles	  

• Spherical	  classes:	  organised	  
according	  to	  the	  single	  
sca\ering	  albedo	  	  
• è	  determined	  by	  the	  
imaginary	  part	  of	  refrac1ve	  
index	  

LAND DAILY AEROSOLS: AEROSOL CLASSES    



LAND DAILY AEROSOLS: FORWARD MODEL	  

τ(λ)	   ρ0(λ),	  k(λ),	  Θ(λ),	  h(λ) 

SSA	  model	  of	  spheroids	  
(AERONET) 

FRTM w0(λ),	  P(λ) 

R(λ) 

Aerosols	  classes	  (defined	  offline)	  

Surface	  

State	  
variables	  

Cv,	  dV(ri)/dlnr,	  Csph,	  nr(λ),	  nr(λ)	  

LDA	  (SEVIRI)	  

AOT	  



NILE	  DELTA	  

AOD	  @	  0.55µm	  AOT 



NILE	  DELTA	  

AOD	  ESTIMATED	  ERROR	  AEROSOL AOT ESTIMATED ERROR     



NILE	  DELTA	  

AEROSOL	  CLASS	  AEROSOL SIZE DISTRIBUTION     



NILE	  DELTA	  



SEVIRI	  

MODIS	  L2	  C5	  



MTG/FCI	  AEROSOL	  POTENTIAL	  
•  Aerosol	  classes	  is	  a	  limita1on	  to	  

the	  applica1on	  of	  the	  OE	  as	  it	  
does	  not	  allow	  a	  con1nuous	  
varia1on	  of	  the	  state	  variables	  
in	  the	  solu1on	  space.	  

•  For	  FCI	  aerosol	  retrieval,	  it	  
should	  be	  possible	  to	  explicitly	  
represent	  the	  aerosol	  
microphysical	  proper1es	  in	  the	  
state	  vector.	  

•  Aerosol	  op1cal	  thickness	  could	  
be	  retrieved	  on	  an	  hourly	  basis	  
while	  micro-‐physical	  proper1es	  
should	  be	  assumed	  constant	  
during	  the	  course	  of	  the	  day.	  

•  Improved	  spectral	  resolu1on	  
• 	  6	  window	  solar	  channels	  
• 	  10	  min	  repeat	  cycle	  



•  It	  should	  be	  possible	  to	  derive	  addi1onal	  informa1on	  (not	  
limited	  to	  pre-‐defined	  aerosol	  classes)	  	  about	  aerosol	  proper1es	  
including	  aerosol	  sizes,	  shape,	  absorp1on	  and	  chemical	  
composi1on	  (BC,	  iron,	  quarts,	  soluble	  –	  Ammonium	  Nitrate)	  
with	  a	  mul1-‐pixel	  Op1mal	  Es1ma1on	  retrieval	  approach.	  	  

•  	  Use	  of	  physical	  model	  (Shuster	  et	  al.	  [2005,	  2009])	  that	  allows	  
calcula1on	  of	  spectrally	  dependent	  complex	  refrac1ve	  index	  
considering	  aerosol	  par1cles	  as	  a	  mixture	  of	  several	  chemical	  
components.	  

•  The	  model	  assumes	  that	  aerosols	  are	  homogeneous	  par1cles	  
composed	  by	  internally	  mixed	  components	  	  

•  The	  model	  is	  driven	  by	  only	  few	  parameters	  describing	  BC,	  Iron,	  
liquid	  water	  content	  and	  ra1o	  soluble	  to	  insoluble	  components.	  

•  The	  ammonium	  nitrate	  is	  assumed	  as	  a	  soluble	  component	  
“hos1ng”	  	  the	  mixture	  

MTG/FCI	  AEROSOL	  POTENTIAL	  



MTG/FCI	  AEROSOL	  :	  FORWARD	  MODELS	  

Cv,	  dV(ri)/dlnr,	  Csph RH,	  Vso/Vinso,	  VBC,	  VFe ρ0(λ),	  k(λ),	  Θ(λ),	  h(λ) 

SSA	  model	  of	  spheroids	  
(AERONET) 

Chemical	  mixture	  
(Schuster	  et	  al.) 

FRTM 

nr(λ),	  ni	  (λ) 

w0(λ),	  P(λ) 

R(λ) 

Aerosols	  
chem.	  Comp.	  

Aerosols	  	  	  	  	  	  	  conc.,	  
size,	  shape.	   Surface	  

State	  
variables	  

FCI	  



•  Geosta1onary	  satellites	  have	  proven	  their	  ability	  to	  provide	  
relevant	  informa1on	  on	  aerosol	  load	  and	  composi1on.	  

•  The	  joint	  retrieval	  of	  surface	  reflectance	  and	  aerosol	  load	  allows	  
to	  retrieve	  aerosol	  proper1es	  over	  any	  types	  of	  surface,	  
providing	  that	  enough	  angular	  informa1on	  is	  available.	  

•  The	  new	  aerosol	  retrieval	  method	  developed	  at	  LOA	  which	  is	  
capable	  of	  deriving	  informa1on	  about	  aerosol	  micro-‐physical	  
proper1es	  thanks	  to	  a	  mul1-‐pixel	  op1mal	  es1ma1on	  retrieval	  
approach,	  is	  versa1le	  enough	  to	  be	  adapted	  to	  any	  satellite	  
observa1ons	  providing	  enough	  independent	  peaces	  of	  
informa1on.	  	  

•  The	  combina1on	  of	  this	  approach	  with	  the	  one	  proposed	  by	  
Shuster	  allows	  to	  derive	  informa1on	  about	  chemical	  
composi1on	  (BC,	  iron,	  quarts,	  soluble	  –	  Ammonium	  Nitrate).	  	  

CONCLUSIONS	  


