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Summary and purpose of document

This document provides thoughts from the Joint Working Group on Forecast Verification Research (JWGFVR) concerning the revision of the CBS verification procedures for deterministic NWP. 
Action Proposed  

The meeting is invited to review the contents of this document, as an input for discussion with a view to properly update the standard procedures for verification.
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1. Use of analyses in the verification process

NWP analyses have been used for many years to evaluate forecast performance, especially for upper level fields. Good agreement between forecasts and analyses from the same NWP system are interpreted to mean that the predicted time evolution of the atmospheric flow is on track. NWP analyses start with a model-derived background field as a first guess, then modify the analysis fields with increments derived from sophisticated data assimilation schemes such as 3D- and 4D variational analysis, ensemble Kalman filters, etc. Where the density of observational data is high, the analyses well represent the true spatial structure of the fields, at least to approximately the error of the observations. However, in data-sparse regions the analysis depends strongly on the model background field and may in fact contain a substantial portion of the bias and other errors present in the model first guess. (Model analyses are sometimes called "incestuous" for this reason.) When used to verify NWP, analyses from data sparse regions made using the same NWP system may underestimate the error in the forecast fields. We therefore urge caution in the use and interpretation of verification results where NWP analyses are used.

Many NWP centres are now developing surface-level mesoscale analyses (e.g., Real Time Mesoscale Analysis, RTMA, in the US; Integrated Nowcasting through Comprehensive Analysis, INCA, in Austria). It is tempting to use these new high resolution products for standard NWP verification. However, the science of mesoscale analysis is still relatively new, and techniques vary widely among centres for combining first-guess model background fields, surface observations from synoptic and automatic weather stations, radar, and other instruments, and downscaling to include the effects of topography, coastlines, and other surface variation. Even for analyses that do not use model first guess fields, the spreading of observational information to nearby gridpoints varies greatly depending on the analysis technique. Therefore we recommend that surface mesoscale analyses are not used for standard NWP verification at this stage. Point observations should be used for standard verification of surface-level fields, noting that differences between point and gridded representation of variables will contribute to the model error.

Activities are underway to inter-compare NWP analyses and reanalyses. The CG-FV should monitor the progress of these studies so that relevant findings concerning the impact of different analyses on NWP verification results can be incorporated in its recommendations concerning verification against analyses.

2. Matching forecasts and radio sounding observations

The method used to match forecasts with verifying observations can have an impact on the verification results, particularly for spatially variable fields such as precipitation. JWGFVR notes that current interpolation practice differs widely among NWP centres, and strongly supports the use of standard interpolation techniques as part of the CBS verification procedure. 

For gridded upper air fields, bi-cubic, bilinear, or area-weighted interpolation to the standard verification grid should be prescribed. At this point we do not feel qualified to recommend one over the other, but the CG-FV should make a clear recommendation. The spectral fields in spectral models should be truncated to the appropriate scale prior to interpolation. Regarding the latitude-longitude spacing of the standard grid, we feel that 1.0 degrees would represent a reasonable compromise between providing more informative verification results and the ability of global NWP models to produce forecasts at finer scales.
3. Verification metrics

The current set of verification statistics includes mean error, root mean square error, anomaly correlation and S1 skill score (for upper level forecasts verified against analyses), trend correlation (for forecasts verified against radiosonde observations), and root mean square vector wind error. These scores should be reviewed for relevance and currency in modern-day verification practice.

Confidence intervals should be added to the scores. Block bootstrapping, which properly handles correlated fields, could be used and the lead center could provide the software to guarantee that procedures are standard.

4. Additional changes to CBS verification procedures

We strongly support the use of a common climatology such as the ECMWF reanalysis for the computation of anomaly correlation.

It is highly desirable to include some standard verification of atmospheric moisture. Advice from experts on moisture measurement should be sought when choosing which variable to verify, since radiosonde measurements of upper tropospheric moisture have been prone to error in the past. Specific humidity may be a better variable to verify than relative humidity, as errors in RH may be related partly to temperature errors. A vertically integrated variable such as total precipitable water should also be considered.

To understand the impact of the changes in verification procedure on the results, it is desirable to maintain the old verification methodologies along with the new methodologies for at least a year so that seasonal differences can be examined.

The CG-FV should liaise with the expert teams on long range forecasting and ensemble prediction, and their respective lead centres for verification, to inform them of the changes being made to the CBS standard verification procedure for NWP. 

5. Lead Centre for Deterministic NWP Verification 

The JWGFVR supports the creation of a Lead Centre for Deterministic NWP Verification (LC-DNV). The existence of such a centre would help to ensure that consistent methodologies are used among NWP producing centres for regridding of NWP output to a standard grid, quality control of observations, use of a standard climatological reference forecast, and computation of verification scores. It would also be a convenient "one stop shop" for dissemination of standard NWP verification results that can be used to quantify and compare NWP performance on surface and upper level variables of interest to the producing centres and NMHSs, and demonstrate improvements in NWP model performance over time.

Further, the JWGFVR supports the provision of verification advice and code via a WMO-endorsed facility such as the LC-DNV. We look forward to liaising with the Lead Centre as improved verification methods are developed and used, particularly for high resolution NWP.

We note that in order for a LC-DNV to be effective, sufficient resources must be provided from the host NWP centre to develop and support the facility. Also, the NWP centres must be strongly encouraged (mandated?) to provide their standard verification results to the LC-DNV.

