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Summary and purpose of document

This document introduces the CBS Co-ordination Group on Verification and the initial work of the group including the review of the CBS procedures for verification of deterministic forecasts.
Action Proposed  

The meeting is invited to note the content of the document, in particular the review of CBS procedures for verification of deterministic forecasts, and the implications for EPS verification of ensemble mean and spread.
1. CBS Coordination Group on Forecast Verification
CBS has established a Coordination Group on Forecast Verification with the following terms of reference:

· In consultation with the relevant Expert Teams, review procedures for verification of the performance of forecasting systems to ensure that they are adequate and meet CBS needs

· Ensure that verification systems are appropriate to emerging forecast types such as probabilistic forecasts, very high resolution NWP products, and nowcasting products

· Develop suitable verification procedures for severe weather forecasts and warnings

· Review Lead Centre activities and provide guidance as appropriate

· Liaise with WWRP/WGNE as required

· Provide guidance on how to implement verification systems
The first meeting of the group will be held at ECMWF 24-26 November 2009. Preliminary work has focused on a review of the CBS procedures for verification of deterministic NWP forecasts. This will have some implications for the EPS verification because the ensemble mean and spread are required to be verified using the same procedures as the deterministic forecasts. A review was made of the implementation of the CBS verification procedures for deterministic forecasts at the different global forecasting centres. The summary report of that review is attached as an annex. The findings of the report and suggestions for changes to the procedures will be discussed at the CG meeting at ECMWF in November.
Annex: Review of WMO CBS standard scores for verification of deterministic forecasts

2. Introduction 

Standard procedures for the verification of NWP forecasts are given in the WMO Manual on the Global Data-Processing and Forecasting System, WMO-No. 485:

· Attachment II.7 Table F (deterministic and EPS medium-range)
· Attachment II.8 (SVS for LRF)
(available at: http://www.wmo.int/pages/prog/www/DPFS/Manual_GDPFS.html)
The EPS and LRF scores are monitored and reviewed by the corresponding Expert Teams. However, there has been no similar structure to review the deterministic forecast scores.  Current procedures were introduced in 1998 and have not changed since. Given the significant developments of global NWP models in the last 10 years, a review of these procedures is appropriate.  To initiate this, a questionnaire was sent to the current list of contacts for the exchange of standard scores. Questions and replies received so far are presented in section 2. 

3. Global NWP forecast centres

Table 1 lists the 13 centres that run operational global NWP forecasts. 11 of these have contact email addresses for the monthly exchange of standard scores. A questionnaire was sent to the current list of contacts. The questions and a summary of replies received so far are given below. 

Table 1. Global NWP forecast centres

	Centre
	CBS verif email contact
	exchange scores monthly
	Contribute scores annually to WMO*
	Replied to questions

	ECMWF
	Y
	Y
	Y
	Y

	CMC
	Y
	Y
	Y
	Y

	JMA
	Y
	Y
	Y
	Y

	Met Office
	Y
	Y
	Y
	Y

	BoM
	Y
	Y
	Y
	Y

	Meteo-France
	Y
	Y
	Y
	Y

	NCEP
	Y
	Y
	Y
	N

	DWD
	Y
	Y
	Y
	N

	Russia
	Y
	Y
	Y
	N

	CPTEC
	Y
	N
	N
	N

	India NCMWRF
	Y
	N
	N
	N

	CMA
	N
	
	Y
	

	KMA
	N
	
	Y
	


*http://www.wmo.int/pages/prog/www/DPFS/ProgressReports/

4. Questions and replies

1. Information on current procedures for calculating the CBS scores

a. How do you interpolate to the 2.5 degree grid
· ECMWF: direct interpolation from model full resolution spectral fields

· CMC: bi-cubic interpolation
· JMA: Direct interpolation from computational grid (Gaussian, 60-1920 x 960). 

· Met Office: Area-weighted technique

· BoM: Linear interpolation from 240x480 Gaussian grid (0.75°)
· Meteo-France: horizontal spline interpolation (12 nearest model points) 
b. How do you interpolate to radiosonde locations
· ECMWF: bilinear from 2.5° grid

· CMC: bi-cubic interpolation
· JMA: Interpolate from 2.5° grid (using surrounding 12 points)
· Met Office: Spatial bilinear interpolation, no time interpolation
· BoM: grid is native model grid (240x480, 60 sigma levels)

· Meteo-France: a bilinear interpolation
c. What bias correction and/or screening do you use for the radiosonde data
· ECMWF: screening as operational assimilation, no bias correction

· CMC: No screening, bias correction for radiation effects for geopotential only.
· JMA: Same as operational analysis in JMA
· Met Office: operatinoal quality control. Statistical bias correction.
· BoM: None.
· Meteo-France: assimilation scheme quality control
d. Do you receive the WMO list of radiosonde stations issued annually by ECMWF to use for verification
· ECMWF: No

· CMC: Yes - as of Aug 11, 2008 use latest list from Antonio Garcia-Mendez.
· JMA: No
· Met Office: No.
· BoM: No, but implemented latest list1st September.
· Meteo-France: yes, it is provided by A. Garcia-Mendez
e. What climatology do you use for anomaly correlation
· ECMWF: climatology from NCEP (NMC) in 1980s
· CMC: An ECMWF climatology obtained in the early 1990's
· JMA: Japanese 25-year Reanalysis (JRA-25). Averaging period is 1979-2004.
· Met Office: We use a climatology based on ECMWF Reanalysis for 1979-1993
· BoM: ECWMF climatology
· Meteo-France: ERA40  reanalysis on a 2.5 degree grid
f. How do you calculate the monthly mean scores
· ECMWF: simple average (mean) of daily scores

· CMC: Simple arithmetic average of the daily values.
· JMA: Averaging the values of each day
· Met Office: average the daily scores for 00Z and 12Z separately. 
· BoM: monthly average is then computed from the daily statistics.
· Meteo-France: This is performed by an average of the daily scores 
2. Consideration of possible revisions to the current CBS procedures

a. Change from 2.5 degree to higher resolution grid (given current resolution of global models)?
· ECMWF: would prefer higher resolution grid

· CMC: 0.5 degree? discontinuity in the scores, but more accurate
· JMA: higher resolution would be good (0.5 degree?).
· Met Office: sensible (1.25 degree?)  but discontinuity in statistics.
· BoM: could change to high resolution grid for new model in 2009
· Meteo-France: currently also use 1.5 degree grid.
b. How to interpolate from model grid to verification grid – remove information on scales not resolved by verifying grid
· ECMWF:

· CMC: This is currently under examination.  
· JMA: 
· Met Office: Clearly it is important that everyone uses the same technique.
· BoM: All centres should use a consistent grid interpolation method. 
· Meteo-France: Nothing is done for the upscaling of the model forecasts
c. Climatology can affect the anomaly correlation - can we consider using a common climatology to minimise the effect
· ECMWF: would like common climatology (already use ERA-40 for EPS verificaiton)

· CMC: This is a must.
· JMA: It may be difficult to decide what climatology to use.
· Met Office: I think we'd all agree to using a common climatology!
· BoM: Agree to use a common climatology.
· Meteo-France: ERA40 provide a common climatology.
3. Consideration of possible extension of CBS verification

a. Add verification of humidity
· ECMWF: should be added
· CMC: routinely verified; easy to add to report
· JMA: should be added
· Met Office: rh or some other?
· BoM: 
· Meteo-France: rh is computed and can be exchanged
b. Include some surface weather (e.g. EPS verification includes precipitation verified against GSN data, though I don't know if anyone actually does this) 
· ECMWF: 

· CMC: could be done relatively easily
· JMA: 
· Met Office: precip esp difficult for global models. what about surface T, wind, rh?
· BoM: 
· Meteo-France: some scores including precip are produced against SYNOP, but problems due to data quality, especially for precip 
5. Summary of main points

· Scores are exchanged between GDPFS centres monthly, as required. However, a number of centres are not participating in this exchange. All global forecasting centres should be encouraged to participate.

· Verification against observations should use a list of stations prepared annually by the lead centre for radiosondes and distributed to all centres (and to WMO). However, this list does not always reach the person responsible for verification. In practice the centres do not all use the same list. Differences are large (some use up to 50% more observations than others). The effect on the scores can be substantial. The email contact list needs to be updated.

· Verification against analyses is specified on a 2.5° x 2.5° latitude-longitude grid. This is now substantially below the resolution of many global models, which can be as high as 0.25°. The method of interpolation to the verification grid can have a significant effect on the scores. How each centre does this is not recorded. The methods used to interpolate to verification grid need to be agreed.
· Anomaly correlation can be significantly affected by the climatology used. The climatology is not specified, nor is there a record of what is used by each centre. Use of a common climatology would aid comparison of results. This should be reviewed.
· The range of forecast parameters, steps and areas should be extended.
6. Recommendations for changes to CBS verification procedures

There are significant differences between centres in the ways they have implemented the verification. These have substantial impact on the scores and make comparison between centres difficult. The review of the standard verification will seek to establish a consistent implementation across participating centres, in particular in the interpolation, climatology and use of observations. Once this consistency is achieved, it will need to be maintained. One way to do this could be to establish a lead centre for deterministic verification as has already been done for EPS and LRF.

Based on input received so far, recommendations for changes to WMO procedures should initially focus on following points:

· Resolution of verification grid should be increased. Need to agree what: 0.5, 1.0, 1.5 degree (are some models still coarser resolution than 1.0?)

· Interpolation to verification grid should remove scales not resolved by verification grid (but should not otherwise include any explicit smoothing). Method should be agreed, but may depend on native grid of model 

· Spectral model: truncate spectral fields to appropriate scale before interpolation to lat-long grid

· Grid point models: area weighting is used by Met Office and proposed for CMC(?)

· Climatology for anomaly correlation. General agreement that common climatology would help comparison of scores. Several already based on ECMWF reanalysis. But JMA use own reanalysis (and note may be difficult to agree which to use)

· Expand range of steps, areas:

· Verify every 12 hours? (currently every 24 hours) (6-hourly difficult for radiosondes, but would be possible for verification against analyses)

· Verify against analyses for same areas as for against observations (currently v analyses only for NH, SH, tropics); would be useful check of the different verifying sets

· Add verification of humidity for upper-air fields. Is relative humidity OK? (what do radiosondes report?)

Two important things to note for any changes:

· Changes will introduce discontinuity in scores. Maintain old verification as well (for limited period?)

· CBS verification for EPS refers to these procedures for deterministic scores (ensemble mean, spread) so these will also be affected. Other groups may also follow CBS as guidelines

Although the first priority is to consolidate the current verification, the variables that are verified should also be reviewed. 

