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  modeling	
  evolution	
  
§  Aerosol	
  data	
  assimilation	
  evolution	
  

¡  Observing	
  system	
  homogenization	
  for	
  
reanalyzes	
  

¡  	
  Data	
  Assimilation	
  &	
  Field	
  Campaigns	
  
¡  Concluding	
  Remarks	
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Global, 50 km, 72 Levels, top at 0.01 hPa 



4 
Global, 12.5 km, 72 Levels, top at 0.01 hPa 



¡  Focus on NASA EOS 
instruments, MODIS for now 

¡  Global, high resolution 2D 
AOD analysis 

¡  3D increments by means of 
Local Displacement 
Ensembles (LDE) 

o  Simultaneous estimates of 
background bias (Dee and 
da Silva 1998) 

o  Adaptive Statistical Quality 
Control (Dee et al. 1999): 
o  State dependent (adapts to 

the error of the day) 
o  Background and Buddy 

checks based on log-
transformed AOD innovation 

o  Error covariance models 
(Dee and da Silva 1999): 
o  Innovation based 
o  Maximum likelihood 
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Data Type 
o  Quality control and Data Assimilation 

methodologies assumes Gaussian statistics 
o  AOD (and errors) is not normally distributed 
o  Log-transformed AOD has better statistical 

properties: 

o  This 0.01 factor is determined from goodness-
of-fit considerations 

 
 

Log ( 0.01 + AOD) 



AOD 

AOD  
O-F 

LAOD 

LAOD  
 O-F 

MODIS/TERRA Ocean 

η = log(τ + 0.01)Analysis Variable: 



Analysis Splitting 





o  Construct perturbation 
ensembles by means of 
isotropic displacements 
around gridbox 

o  Weigh each ensemble 
member by its fit to 2D 
AOD analysis 

o  For efficiency, perform 
the AOD-to-mixing ratio 
calculation in 1D 

 

First Guess 

“Truth” “Truth” 
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Used for GEOS-5 
Forecasts for 
Next cycle 

GEOS-5 Meteorological DAS 

In collaboration with NOAA NCEP, ESRL 
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GEOS-5 Aerosol Assimilation 
Phase I: EnKF Only  



¡  Based	
  on	
  Whitaker	
  &	
  Hamill	
  (2002)	
  formulation	
  	
  
§  Same	
  codebase	
  as	
  GEOS-­‐5	
  EnsVar	
  System	
  

¡  Aerosol	
  ensembles	
  	
  
§  produced	
  by	
  GEOS-­‐5	
  EnsVar	
  system	
  
§  32	
  or	
  64	
  members	
  
§  ~	
  50	
  or	
  25	
  km	
  resolution	
  (central	
  analysis:	
  12.5	
  km)	
  

¡  Aerosols	
  impact	
  GSI	
  observation	
  operators	
  (for	
  IR	
  
channels)	
  but	
  no	
  aerosol	
  increments	
  produced.	
  

¡  Adaptive	
  maximum-­‐likelihood	
  estimation	
  of	
  error	
  
variances	
  and	
  localization	
  functions	
  	
  



Aerosol Data Assimilation in GEOS-5 

Reanalysis only 
Forecasting 
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Name	
   Nominal	
  
Resolution	
  

Period	
   Aerosol	
  
Data	
  

Available	
  

MERRA-­‐1	
   50	
  km	
   1979-­‐present	
   NONE	
   now	
  

MERRAero	
   50	
  km	
   2002-­‐present	
   MODIS	
  C5	
   now	
  

FP	
  for	
  Inst.	
  
Teams	
  

50	
  km	
   1997-­‐	
   MODIS	
  C5	
   In	
  progress	
  

NCA	
   25	
  km	
   2010-­‐11	
   MODIS	
  C5,	
  MISR	
   Now	
  

MERRA-­‐2	
   50	
  km	
   1979-­‐present	
   AVHRR,	
  MODIS	
  
C5,	
  
MISR,AERONET	
  

Summer	
  2015	
  

MERRA-­‐2	
  
Dynamical	
  
Downscaling	
  

12.5	
  km	
   2000-­‐2015	
   AVHRR,	
  MODIS	
  
C5/C6,	
  MISR,	
  
AERONET	
  

Q4	
  2015	
  



 
AERONET-MODIS/MISR  
Joint PDF 

MODIS-Terra (Ocean) MISR (Ocean+Land) 

Observation bias correction is necessary. 



NRL Empirical AOD Corrections 



Neural Net for 
AOD Empirical Retrievals 
o  Ocean Predictors 

n  Multi-channel 
o  TOA Reflectances 
o  Retrieved AOD 

n  Angles 
o  Glint 
o  Solar 
o  Sensor 

n  Cloud fraction (<85%) 
n  Wind speed 

o  Target: AERONET 
n  Log(AOD+0.01)  

o  Land Predictors 
n  Multi-channel 

o  TOA Reflectances 
o  Retrieved AOD 

n  Angles 
o  Solar 
o  Sensor 

n  Cloud fraction (<85%) 
n  Climatological albedo 

o  < 0.25 

o  Target: AERONET 
n  Log(AOD+0.01)  

 



ORIGINAL MODIS AOD BIAS CORRECTED AOD 
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AVHRR NOAA CDR AOD 
MERRAero, AERONET Comparison 
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630 nm 

AERONET 

630 nm 

MERRAero 
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CDR: 2008 

Multiple Species 

Sea-salt 

Carbonaceous Dust 

Sulfate 



PATMOS-x 
AVHRR Pathfinder Atmospheres - Extended 
PATMOS-x Dataset 
o  Version 5 Level 2B  
o  0.1 degree sampling (not 

average) 
o  Period: 1978-2009 
o  Inter satellite calibration 

(MODIS reference) 
o  Bayesian probabilistic 

cloud detection (CALIPSO 
reference) 
n  cpd <0.5% 

Neural Net Retrival 
o  Ocean Predictors 

n  TOA Reflectances  
n  630 and 860 nm 
n  TPW 
n  Ocean albedo (wind) 
n  Solar and sensor angles 
n  GEOS-5 fractional AOD 

speciation  
o  Target:  

n  AOD at 550 nm 
n  Balanced MODIS NNR 
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2008 

Multiple Species 

Sea-salt 

Carbonaceous 
Dust 

Sulfate 
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AERONET Validation 
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Coastal	
  and	
  Island	
  Stations	
  for	
  2003-­‐2009	
  

550	
  nm	
  630	
  nm	
  

CDR	
  AOD	
   NNR	
  AOD	
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  June	
  1991	
   15	
  June	
  1991	
  

30	
  June	
  1991	
   31	
  July1991	
  



¡  Assimilation	
  of	
  localized	
  field	
  campaign	
  data	
  in	
  a	
  
global	
  model	
  is	
  of	
  limited	
  utility	
  
§  Impact	
  is	
  often	
  downstream	
  of	
  measurement	
  

¡  However,	
  field	
  campaign	
  data	
  provide	
  a	
  great	
  
opportunity	
  for	
  DA	
  algorithm	
  development	
  
§  Produce	
  analysis	
  along	
  a	
  flight	
  curtain	
  
§  Use	
  model	
  state	
  sampled	
  at	
  curtain	
  as	
  prior	
  
§  Include	
  measurements	
  from	
  multiple	
  sensors	
  
polarimeters,	
  radiometers,	
  LIDAR	
  

§  Update	
  model	
  state,	
  verify	
  against	
  in-­‐situ	
  payload	
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Except for Dust, all particles assumed spherical 

OC 

SO4 DUST 

BC 



¡  Observables:	
  
§  Backscatter:	
  532	
  nm	
  and	
  1064	
  nm	
  
§  Extinction:	
  532	
  nm	
  

¡  Control	
  variables:	
  	
  
§  GOCART	
  species	
  (dust,	
  sea-­‐salt,	
  BC,	
  OC,	
  SO4)	
  

¡  Observation	
  operators:	
  
§  Rely	
  on	
  prescribed	
  Aerosol	
  Optical	
  Properties	
  (AOP)	
  
§  In	
  principle	
  AOP’s	
  should	
  be	
  jointly	
  estimated	
  



¡  Example:	
  aerosol	
  extinction	
  coefficient	
  

¡  Typically	
  AOP	
  f	
  is	
  prescribed	
  and	
  ρs	
  is	
  the	
  
control	
  variable	
  

¡  Satisfying	
  backscatter	
  and	
  extinction	
  
observational	
  constraints	
  is	
  not	
  so	
  trivial	
  if	
  
AOPs	
  are	
  not	
  adequate	
  
	
  	
  

Tracer	
  Concentration	
  

✏ =
X

species

f(ns, rs,�)⇢s



OBS	
  

MODEL	
  

Analysis	
  

O-­‐A	
  





¡  Joint	
  estimation	
  of	
  concentrations	
  and	
  optical	
  
properties	
  

¡  Not	
  yet	
  clear	
  whether	
  simplified	
  optical	
  models	
  in	
  
GOCART	
  will	
  be	
  sufficient	
  

¡  Additional	
  number	
  concentration	
  control	
  variable	
  in	
  
new	
  aerosol	
  microphysical	
  module	
  may	
  prove	
  
essential.	
  	
  

¡  Similar	
  challenges	
  are	
  likely	
  present	
  in	
  assimilation	
  
of	
  multi-­‐spectral	
  AOD/reflectances	
  



AEROSOLS	
  IN	
  GEOS-­‐5	
  

¡  The	
  GEOS-­‐5	
  Earth	
  Modeling	
  
System	
  includes	
  data	
  assimilation	
  	
  
of	
  its	
  major	
  components	
  

¡  Aerosols	
  are	
  an	
  integral	
  part	
  of	
  
the	
  GEOS-­‐5	
  NRT	
  and	
  re-­‐analysis	
  
systems	
  

¡  GEOS-­‐5	
  OSSE	
  activities	
  in	
  
support	
  of	
  new	
  NASA	
  observing	
  
missions	
  
§  Builds	
  on	
  NWP	
  capabilities,	
  extends	
  it	
  

to	
  constituents	
  and	
  other	
  components	
  

GEOS-­‐5	
  EVOLUTION	
  

¡  Aerosol/cloud	
  processes	
  evolving	
  
from	
  bulk	
  to	
  modal/2-­‐moment	
  
schemes	
  

¡  Aerosol	
  assimilation	
  evolving	
  
into	
  a	
  EnKF	
  sub-­‐system	
  within	
  
the	
  atmospheric	
  4D-­‐EnVar	
  	
  





MAN Validation 
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630	
  nm	
   550	
  nm	
  

CDR	
  AOD	
   NNR	
  AOD	
  


