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  Observing System 
  Simulation  
  Experiment 
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Model-based OSSE 
 
A framework for numerical experimentation in which  
observables are simulated from fields generated by an 
earth system model, including a parameterized description  
of the observational error characteristics.  
 
Simulations are performed in support of an experimental goal. 
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  As with any simulation, OSSE results 
apply to new instruments only to the 
degree they have been validated with 
existing legacy instruments. 
  OSSE credibility is first determined by 
carefully comparing a variety of statistics 
that can be computed in both the real and 
OSSE simulated contexts. 
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OSSEs need to be validated as a System. 
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Balancing act: Complexity x Resolution x Spatial/Temporal Coverage   
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GEOS-5 10km Global Mesoscale Simulation: SST, aerosol emissions 
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  Level 1 simulators 
Detailed radiative transfer calculation in the presence of 
clouds, aerosols, ice, etc. 
Instrument characteristics 
Observables: polarized radiances, backscatter 

  Level 2 simulators 
Retrieved quantities at observation location 
Averaging kernels, error characteristics 

  Level 3 simulators 
Hourly to seasonal mean statistics sampled at the 
instrument footprint 
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It is critical to account for error of representativeness errors 
when simulating observables with a footprint much smaller than  
the Nature Run resolution. 
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  PDF-based cloud 
parameterizations provide 
very useful information 
about sub-grid variability 

  Given a PDF of total water 
one can generate sub-
columns  consistent with 
that PDF 

  Observation simulators 
can account for 
representativeness error 
by operating on these sub-
columns 

PDF 

S = (qv + qL + qI) / qS(T) 
  



Sulfates 



A PDF of water vapor 
+ condensate is 
provided in each  
gridbox 
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Recall that aerosol satellite retrievals are only available

under clear sky conditions:












FROM RADIANCES 
 

 

 

 

BY MODEL SAMPLING 
  Sample and perturb 

  Interpolate geophysical 
to obs location 

  Model retrieval errors 
  Done. 
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While interpolating a model simulated geophysical quantity 
to observation location is much more straightforward than 
performing a full RT calculation, modeling retrieval errors is 
far more complex than modeling radiance errors. 
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  Forecasting/data assimilation impact 
 Goal: assess impact of new instrument 
 Metric: analysis or forecast impact 
  Nature Run: a high-resolution model 
simulation by another model 
  Calibration: observational errors for 
existing instruments are tuned to 
produce same impact as real Data 
Assimilation System (DAS) 
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  Retrieval algorithm evaluation 
  Goal: given radiances/backscatter at a variety of 
atmospheric conditions (clouds, rain, ice, etc.) assess 
the quality of 
▪  Retrievals themselves 
▪  Retrieval perceived errors/averaging kernels 

  Example of metrics: direct comparison of retrievals 
and Nature Run, full set of statistics 
  Example of Nature Run: global aerosol transport 
model driven by observed  meteorology 
  Calibration: when possible tune  observational 
errors based on  similar current instruments   
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  Sampling Studies 
  Goal: assess how a given orbit, scanning 
characteristic would impact the ability of the 
measurements to reproduce key climate 
parameters 
  Example of metrics:  hourly to seasonal time 
means of Level 2 parameters at a variety of 
spatial resolutions 
  Example of Nature: global aerosol transport 
model driven by observed  meteorology 
  Calibration: noisy and perfect observations   
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Ron Errico, Nikki Prive. 
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18 UTC 12 July 
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  PDF based sub-grid 
sampling of GEOS-5 
fields (ICA) 

  Spatial “clumping” 
  Radiances for 27 
MODIS channels 

  Cloud and aerosol 
extinction, ssa, phase 
function 

  Operational Retrievals 
  Clouds: MOD06 
  Aerosols: MOD04 
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Wind et al., 2013, GMD 





Aqua Granule: 8 September 2012 17:30 UTC 





 

 

 

 



Aqua Granule: 13 January 2013 05:30 UTC 





 

 

 



Aqua Granule: 17 April 2012 11:10 UTC 





 

 

 

 



 

 

 

 

 



  A credible OSSE system requires well 
validated modeling components:  
  Nature run 
  Physical simulation of measurements 
  Error modeling 

  However, it must be validated as a 
System, by exercising it with the 
existing legacy observing system. 
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(*) GMI combo chemistry used for short experiments only. 
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