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[Tom Schlatter wrote to Erik Andersson on 2/12/07]
Erik, some time ago you sent to Michiko a nice description of how

to generate hypothetical observations from a nature run.

Here is what you said:

---------------------------------------

This is what I would do about representativeness error in OSSEs.  The 

observation input (y) to an assimilation system is provided in terms 

of departures, d=y-H(xb), from what is already known (the background, 

xb), using the observation operator (H).   Lorenc(1986) has explained 

that errors in this observation minus model comparison can be due to


1) pure observation error


2) errors in H, contributing to representativeness error

3) observed features that are not resolved by the model, also contributing to representativeness error

4) background error.

In every-day DA the sum of the first three error sources is 

represented by the 'total observation error', sigma_o.  The fourth one 

is the subject of background error modeling.

In OSSEs we replace y with H(NR)+P where P is a perturbation, so that

d_OSSE = H(NR) + P - H(xb).

For a well calibrated OSSE it is essential that d_OSSE has the same 

variance as real departures (d) have (for existing observing systems), 

and would have (for simulated observing systems).  THIS MUST BE 

VERIFIED at the start of an OSSE.   Agreement is achieved by adding a 

perturbation P to each observation, drawn randomly from a sample with 

the appropriate error variance, with three contributions:

1) pure observation error

2) errors in H, contributing to representativeness error 

(footnote: this has tobe added unless the OSSE would use a different observation operator to generate the NR observations H1(NR), than the one used in the assimilation H2(xb), such that the difference between H1 and H2 was typical of actual observation operator uncertainty – but this is not what is usually done)

3) observed features that are not resolved by the NR model, also contributing to representativeness error.  In our case all OBSERVED atmospheric 

variability on scales smaller than the T511 resolving power.  In the free atmosphere this source of variance can be nicely estimated from variance spectra - for near-  surface observations one component of the perturbation could be dependent of the sub-grid-scale orography (at T511) Note that this contribution to P is different for different observing systems, depending on their spatial and temporal averaging and sampling characteristics.  For example, a radiosonde is a point measurement so its representativeness error would be quite a bit larger than that of a line-averaged Doppler Wind as provided by the ADM (as discussed thoroughly by Ad Stoffelen and Gert-Jan Marseille in their simulations).

   Erik

---------------------------------------------------

There is only one part of this I don't follow.  When you apply H to 

the nature run,haven't you already added part of the representativeness error, as described in 2)above, namely the part due to interpolation and an imperfect forward model?  I don't understand why you have to make this part one of the three components of the perturbation P.  I'm hoping you can straighten me out.

Here is the way I look at it:

The forward model produces an estimate of the observed value by means 

of temporal and spatial interpolation and, if necessary, a transformation of variables.  Both are subject to errors, but the higher the resolution of the model, the smaller the interpolation error, and the more accurate the transformation of variables, which may involve complicated mathematical formulas and sophisticated physical concepts, the smaller the error in the transformation.  Even if these two operations produced perfect results, there is still a discrepancy between the scale represented by the estimated observed value, which has essentially the same scale as the model from which it is derived, and the scale represented by the actual observation.  Thus, the forward model itself is only responsible for part of the representativeness error.  This part depends only upon the type of forward model employed and the model resolution.  The other part is due to the difference in scales represented by the model and the observation.  This latter part depends upon the physics of measurement, namely, what volume of atmosphere the instrument samples and how.  Clearly, this part is different for each observing system.

This has practical implications for the generation of hypothetical observations from the nature run.   When the forward model H is applied to the nature run, part of the representativeness error has already been added, the part pertaining to the interpolation and, if relevant, the transformation of variables.  Two other errors must be added before the hypothetical observation is complete: 1) an error that takes into account the difference in scales between the nature run grid volume and the volume sampled by the observation and 2) a measurement error associated with the instrument.

Thanks in advance for your help.

Tom

[Erik Andersson wrote to Tom Schlatter on 2/19/07]
Under my bullet 2) there was a footnote: 

    2) errors in H, contributing to representativeness error 
(footnote: this has to be added unless the OSSE would use a different observation operator to generate the NR observations H1(NR), than the one used in the assimilation H2(xb), such that the difference between H1 and H2 was typical of actual observation operator uncertainty – but this is not what is usually done) 

Errors in H and in interpolations to the observation point certainly contribute to the H(x)-y departures in the 'real world'. If you were to perform an OSSE running with the same grid and the same H as that used to generate the observations, then these errors would contribute equally both in the generation of y=H(NR) and in the calculation of departures, and they would cancel. Therefore there is a need to add perturbation explicitly, OR to use two different H-operators, and two different interpolations/grids. 

In the latest teleconf I heard the team are contemplating to use two different H for the radiances (I think RTTOV would be used to generate the NR observations, and OPTRAN would be used for the departures in the subsequent OSSE assimilation). That would be a good idea, I think. Anyhow, it remains important to check that the OSSE y-H(x) departures are showing realistic st.dev and bias statistics. 

Hope this is answers your question. 

Regards, Erik 
[Tom Schlatter Revised his note]

http://www.emc.ncep.noaa.gov/research/osse/NR/RepE/RepE.Jun06-061116.doc

2.3.
Assignment of realistic observation errors 

Section below revised 20 Feb 2007 by Tom Schlatter
Application to OSSEs:

In practice, real observations come with only an instrument error; they are inherently representative of the volume of atmosphere sampled.  The representativeness error arises from the forward operator and has the two components mentioned above.  We account for instrument error and, if we are rigorous, also for the representativeness error, when we specify the observation error covariance in the penalty function that is part of variational analysis.  In practice, we compute
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In an OSSE, one uses a forward model to generate an observation.  After the forward model is applied to the gridpoint values of the nature run, we have an “observation” that contains representativeness error (precisely as defined above) but no instrument error. 
Thus, one should add an appropriate instrument error to this quantity to improve realism.  

The finer the resolution of the nature run and the more accurate the forward model, the smaller the respresentativeness error will be.  Ideally, one should use the most sophisticated forward model available in generating observations from the nature run, and a different operational forward model in the assimilation phase of the OSSE.

If the assimilating model, operates on the same grid as the nature run model and uses the same observation operator H as used to generate the simulated observation, the representativeness error arising from the nature run will match that arising from the assimilating model, and when y-H(x) is calculated, the two will cancel.  In other words, 
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In the result, 
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 the representativeness error has disappeared.

In this case, it is necessary to add a separate random representativeness error to the simulated observation before it is assimilated.
Both instrument and representativeness errors must be accounted for in the observation error covariance matrix used during the assimilation.
One way to ensure that measurement errors, representativeness errors, and forecast (background) errors are all properly specified is to compare the statistical properties of y-H(x) of the OSSE with those of real world assimilation for each observing system.  They should match.
[Some questions after meeting on Feb 22nd]

Gert-Jan Marseille
If T799 nature run is produced for every 1 hour  no time interpolation between archived fields is required and observations may be simulated at 1-hour resolution.
Is this the strategy shared by the whole observation simulation group ?

Jack Woollen

We could adjust observational error so that we can use existing back ground error covariance.

Michiko suggested that  we should use same RTM for simulation and assimilation to start and make sure all other problem such as cloud problems are cleared.

In the meeting at NCEP with Jack, Yucheng, Yuanfu and Michiko discussed that identical (fraternal) twin OSSE may be useful identify the real problems. There are so many negative impact for very good data.

[Ad Stoffelen wrote on 3/6/07]

To those concerned,

Gert-Jan Marseille pointed me to some issues on spatial representativeness in the document provided by Tom Schlatter.

1) The issues of simulation of observations from the nature run and assimilation of the simulated observations appear not clearly separated. This is, why is x introduced in section 2.3? x_t is the nature run and is needed to simulate the observations. x is another NWP model's representation of x_t (x_t remains the reference state), but only relevant at the stage of assimilation of simulated observations, which stage is documented later on.

2) Under the heading "Application to OSSEs" it reads "After the forward model is applied to the gridpoint values of the nature run, we have an 'observation' that contains representativeness error (precisely as defined above) but no instrument error.". Ealier it reads H(x_t) = y_t + e_r which I would put rather as  y_t = H(x_t)+ e_r . So, "after the forward model is applied to the gridpoint values of the nature run, i.e. H(x_t), we have an 'observation' y_t that still lacks representativeness error e_r". The representativeness error e_r is the true atmospheric variance not present in x_t (since truncated) and therefore lacking in the projection to y_t. After this variance has been added as a random contribution to the forward model, an observation with realistic variance appears.

In summary, both x_t and y_t are drawn from an assumed truth. Where x_t and y_t collocate, the truncated x_t can be extended by assuming some random local variance resolved by y_t but not by x_t. The same mechanism may be applied when y_t is sensitive to variables not available in x_t: the expected variance in y_t due to these variables should be added to H(x).

3) Grid cell volume or spectral truncation is explicitly mentioned as the reference atmospheric cell size. In practise, as is documented in our note on spatial representativeness, NWP models do not describe atmospheric variance down to these scales realistically. The determination of the truncated spatial variance spectrum in the nature run for the relevant meteo variables should be well established for a realistic simulation of representativeness errors.

We hope these points can be clarified.

Best regards,

Ad
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