Steps Toward a Credible OSSE

1.
A realistic nature run
In 1986, Andrew Lorenc suggested a definition of “truth”:  the projection of the true state of the atmosphere onto the model basis.  In practice, this means the true atmospheric state as represented by the T511 coefficients on 91 levels in the nature run.  Atmospheric features too small to be captured by the grid are not incorporated in this truth.  

What statistical measures show that the nature run sufficiently replicates the true atmosphere?  The nature of observing systems to be tested in the OSSE partially dictates the answer.  For example, an OSSE for a satellite-borne, wind-finding lidar requires accurate cloud climatology in the nature run.  

The annual, seasonal, and monthly statistics provided by ECMWF provide numerous ways to evaluate the nature run against observational climatologies, where available.  The group must decide whether any identified shortcomings in the nature run would compromise the OSSEs that are planned.

2.
Accurate forward models for simulating observations from the nature run
The forward model computes the observed quantity at the appropriate time and space coordinates from information carried in the nature run grid.  
The forward model includes, as a minimum, time interpolation between the three-hourly output times, plus space interpolation if the model grid is used instead of spherical harmonic coefficients.  

If the observed quantity is not carried explicitly in the model as a prognostic or diagnostic variable, the forward model becomes more complicated.  The observed quantity must then be estimated from the available model variables.  An example is an observed radiance which must be calculated from model profiles of temperature and humidity using the principles of radiative transfer.
Forward models can be complex.  Forward models used in the OSSEs should be accurate, their behavior well understood from repeated monitoring of obs-minus-background differences.  Forward models should be well documented by their authors.
All observing systems that have any bearing on forecast accuracy must be simulated, at least the operational ones.  Some would argue that any future observing system likely to be deployed should also be simulated along with the specific one being evaluated, but this is probably asking too much.  The goal is to find how the proposed observing system will “play” with all the others in the operational mix.  Unless this goal is faithfully pursued, the impact of the proposed system will be exaggerated.
3.
Assignment of realistic observation errors 


This is still more art than science in that true values are never known exactly.  There are two kinds of errors to consider:  representativeness errors and measurement (instrument) errors.


Representativeness errors
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 have been precisely defined by Andrew Lorenc (1986):
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If the forward operator H acts on the true background Bt , in this case, the nature run, the result will be the true value at the point and time of the observation Ot plus an error 
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.  This is called the representativeness error because of the discrepancy between the resolution of the nature run grid (equivalently, the number of spectral coefficients) and the volume sampled by the instrument performing the measurement and because of possible flaws in any transformation of variables required to compute the measured quantity.  Thus, in estimating the representativeness error, one must consider the volume sampled by the measurement versus the grid volume of the nature run (this covers the interpolation error) plus the error in any required variable transformations.  Obs-minus-background statistics provide an indirect way of getting at representativeness error, in that 





[image: image4.wmf])]

(

[

)

(

)

(

)]

(

[

f

r

o

H

Var

Var

Var

B

H

O

Var

e

e

e

+

+

»

-

,

where O is the observed value, B are background values, and 
[image: image5.wmf],

,

r

o

e

e

 and 
[image: image6.wmf]f

e

 are errors of measurement, representativeness, and forecast model, respectively.


Representativeness errors definitely depend upon the resolution of the model used to assimilate the hypothetical observations in the OSSE.

Measurement errors arise from the physics of measurement.  They can be estimated from laboratory calibrations or comparisons of like measurements by different instruments.  It is common to estimate the standard deviation of instrument error and to use this in generating random errors with a Gaussian distribution that can be assigned to individual measurements.  The size of these errors should have some justification.

One can argue whether gross errors or biases should be added to the simulated observations.  Both occur in practice.  On the other hand, if a bias is known, it can be subtracted from the measured values before they are used in data assimilation, and gross errors are easily detected in quality control.  Unless one wants to exercise quality control algorithms as part of the OSSE, it is easier to delete from consideration whatever fraction of observations is normally flagged in the real world.


The times and locations of existing observations should come from real distributions appropriate for each observing system.

4.  Calibration of the OSSE
The most common way of calibrating an OSSE is to find out whether the assimilation of a specific type of observation has the same statistical effect on a forecast in simulation as it does in the real world.  For example, if automated aircraft reports are withheld from an operational data assimilation system, will the statistical measures of forecast degradation be the same as they would be in a system where all observation types are simulated and the nature run provides truth?

Extensive calibration is more convincing than token calibration, but calibration is labor intensive.  Each assimilating model must be separately calibrated.  For example, the calibration results for NCEP’s GFS model might differ from those of the Navy’s NOGAPS model.


It is taken for granted that the assimilating model is different from the model that produced the nature run.  If the model from which hypothetical observations are extracted is the same as the assimilating model, the OSSE results are unrealistically optimistic.
5.
Evaluation of the OSSE
It is vital to state in advance the main purposes for which the new observing system is intended.  It could range from better prediction of thunderstorm development to better 24-h precipitation amounts to better 5-day forecasts of winds aloft where commercial jets fly.  The phenomena to be predicted and the range of the forecast (6 h, 24 h, 
7 days, etc) dictate the metrics used to judge the success (if any) of the new observing system.







Notes by Tom Schlatter, 21 Sep 2006

Feedback requested:  Please email me at Tom.Schlatter@noaa.gov
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