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Summary and purpose of document

This document reports on the activities of the CG-FV including the recommendations to update the standard NWP deterministic verification defined in the WMO Manual on the GDPFS and to establish a Lead Centre for Deterministic NWP Verification. 
Action Proposed  

The meeting is invited to review the information and proposals provided and to make recommendations for issues to be raised or proposals to be made at the forthcoming CBS meeting.
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Report of the chairperson of the Co-ordination Group on Forecast Verification (CG-FV) 

1.
Introduction and summary
The first meeting of the Coordination Group on Forecast Verification (CG-FV) of the CBS OPAG on DPFS was held at ECMWF in Reading, United Kingdom from 24 to 26 November 2009.  Terms of reference for the Group were established by CBS-XIV (2009), which also requested the Group to consider as a priority the verification of operational deterministic forecasts and to review the related standards defined in the GDPFS Manual.  
The meeting 

· Reviewed and agreed the terms of reference for CG-FV

· Reviewed the standard verification procedures for deterministic NWP verification and recommended amendments to the Manual to update these procedures

· Recommended the establishment of a Lead Centre for Deterministic NWP Verification (LC-DNV) and developed a list of functions for the LC-DNV
· Considered the extension of verification procedures to cover surface parameters

A summary of the conclusions and recommendations from the meeting is presented in the following sections. The full report of the meeting is available at :
http://www.wmo.int/pages/prog/www/CBS-Reports/DPFS-index.html. 

2.
Terms of Reference 

The meeting reviewed and accepted the Terms of Reference of the Coordination Group on Forecast Verification as adopted at CBS-XIV (2009). These are provided in Annex 1.

The Group considered and endorsed the relevant CBS-XIV statements, which put the immediate priority for reviewing the standards for verification of deterministic NWP, since those had not been revised since 1998.
3
Review of standard verification procedures
In accordance with CBS-XIV request, the Group reviewed the existing standard for NWP deterministic verification as defined in the WMO Manual on the GDPFS.  Performing NWP without verification is inconsistent with Quality Management principles, does not provide necessary quality information to forecasters, and would result in an unreliable and unsustainable activity.  The meeting discussed this issue and agreed that some essential parts of the recommended actions for verification should be made mandatory (becoming “shall” instead of “should”).  The Meeting agreed also that efficient and systematic verification systems should be run in real-time to accumulate and produce useful information, for quick availability, for use by the model developers as well as for the forecasters.  Therefore, the Group recommended to update corresponding parts of the Manual where verification is mentioned, and to include them within the real time-activity of the GDPFS.
3.1
Mandatory and recommended practices

The WMO Manual on Global Data Processing and Forecasting System (GDPFS) contains regulatory material for the global aspects of the WWW Global Data-processing and Forecasting System. The regulatory material stems from recommendations of the Commission for Basic Systems (CBS) endorsed by Congress and the Executive Council.  Volume I of the Manual – Global aspects – forms part of the Technical Regulations and is referred to as Annex IV to the Technical Regulations of WMO.  It contains both standard practices and procedures and recommended practices and procedures.  The definitions of these two types in the Manual are as follows:
The standard practices and procedures:

(a) Shall be the practices and procedures which it is necessary that Members follow or implement; and therefore

(b) Shall have the status of requirements (mandatory) in a technical resolution in respect of which Article 9 (b) of the Convention is applicable; and

(c) Shall invariably be distinguished by the use of the term “shall” in the English text, and by suitable equivalent terms in the French, Russian and Spanish texts.

The recommended practices and procedures:

(a) Shall be the practices and procedures which it is desirable that Members follow or implement; and therefore

(b) Shall have the status of recommendations to Members to which Article 9 (b) of the Convention shall not be applied; and

(c) Shall be distinguished by the use of the term “should” in the English text (except where specifically otherwise provided by decision of Congress) and by suitable equivalent terms in the French, Russian and Spanish texts.

The Attachments in the Manual are only recommended practices and procedures.  In the present GDPFS Manual, it can be seen that the “standardized verification” is in an Attachment, therefore not mandatory and considered only as a set of recommendations.  The meeting discussed this issue and agreed that some essential parts of the recommended actions for verification should be made mandatory.  

The meeting acknowledged that the verification activity is already carried out by NWP centres as a daily, real-time function, and therefore recommended the updated standard verification procedures be reflected as part of real-time functions for the NWP centres, i.e., moved from the present non-real-time functions in the Manual on the GDPFS.  In addition the meeting recommended that some essential functions should be made a mandatory requirement for NWP centres, hence the updated procedures as reflected in the Manual on the GDPFS should therefore use “shall” and incorporated into an Appendix for mandatory functions.  Other functions considered as desirable would be included with the use of “should” or “may” and be included in an Attachment in the Manual.

3.2
Update to the standard procedures
The meeting discussed the various aspects of the verification system that required updating, including the need for clearer specifications and guidance on how to assure a consistent implementation by all the global NWP Centres.  The meeting recommended that the present focus should be on updating the verification of upper air fields, however CG-FV would in the future also examine the verification of surface parameters.  After constructive discussions, the meeting agreed to adjust the standard verification system in the line of the expressed needs and the Meeting developed a proposal for an updated standard verification system.  The Group agreed to confirm, after further consultation with all GDPFS participating centres, the resolution of the verification grid and the choice of the proposed new climatology (ERA-Interim) before final recommendations to the next CBS. [Note : the GDPFS participating centres have not proposed any changes to the recommendations made by the CG-FV, so these recommendations are confirmed.]

The recommended changes include:
· Resolution of the verification grid should be increased

· Interpolation to verification grid should remove scales not resolved by verification grid (but should not otherwise include any explicit smoothing).  Method should be specified

· The range of steps and areas should be increased

· Verification of humidity for upper-air fields should be added

To ensure consistency between results from different centres a common climatology shall be used for those scores requiring a climatology. The climatology period should cover as recent period as possible. A daily climatology has been created using the ECMWF ERA-Interim reanalysis for 1989-2008. The ERA-interim climatology is the recommended candidate. The agreed-upon climatology will be made available for WMO Members for implementing their standard verification system.

The Group agreed to confirm, after further consultation with all GDPFS participating centres, the resolution of the verification grid and the choice of the proposed new climatology (ERA-Interim) before final recommendations to the next CBS. [Note : the GDPFS participating centres have not proposed any changes to the recommendations made by the CG-FV, so these recommendations are confirmed.]

The updated standard verification system includes a set of mandatory verification statistics and additional recommended verification. Because of the inclusion of mandatory scores, the meeting recommended the new system is proposed as a new Appendix to the Manual. The Group proposed that the procedures for verification be regrouped in a single special Appendix of the Manual or cross-referenced in a single location, to facilitate their reference and use.

The updated standard verification system, which will replace the current verification (described in sections I and II of Table F of the Attachment II.7 of the Manual on the GDPFS) is presented in Annex 2. 

3.3
Implementation of changes

There were three important things to note for any changes to be implemented:

· Changes will introduce discontinuity in scores.  

· CBS verification for EPS refers to these procedures for deterministic scores (relative to ensemble mean, spread) so these will also be affected by the proposed revisions.  
· Other interested groups may also use the CBS standards as guidelines.
· The proposed changes rely on the establishment of the Lead Centre

The CG recommended that the transition to using the new procedures needs to be managed over a period of time. This needs to be agreed with the Lead Centre once that has been appointed. For a limited period both old and new verification scores may be provided.

4
Verification of surface parameters
The meeting recommended that the present focus should be on updating the verification of upper air fields, however CG-FV would in the future also develop procedures for verification of surface parameters, which is already part of the Coordination Group’s Terms of Reference.  The meeting agreed on the importance of the inclusion of surface parameters verification into the operational verification activity for WMO, and discussed how to achieve this.  The CG-FV would consider the recommendations that are forthcoming from a review of verification procedures at ECMWF, as well as seek guidance from the WWRP/WGNE Joint Working Group on Forecast Verification Research (JWGFVR).

Concerning surface parameter verification, the meeting agreed that: 

· The main parameters should be precipitation accumulated over 24 hours; and 2m temperature and 10m wind at 6h intervals;

· The standardized procedures (e.g. verification grid, interpolation, scores) for upper-air fields may not all be appropriate for surface parameters; 

· The availability (over some regions) and quality control of observations for verification are of concern and need to be taken into account in developing verification systems; this should be followed up through ET-EGOS. 

The meeting established a work plan for the CG-FV members to develop some guidelines in this area, as follows:  

· ECMWF to update the CG with the progress of work of its TAC Subgroup on Verification,

· CG will maintain links with JWGFVR to follow the progress of research developments on scores and procedures for surface weather verification,

· CG to engage with WGNE on their precipitation verification, 

· CG will review developments before the ICT meeting in the 3rd quarter of 2010 and consider whether it can make specific proposals at that time.

Note: The ECMWF Technical Advisory Committee (TAC) Subgroup on Verification will present its final report to the TAC in October 2010. Recommendations have not yet been confirmed. The JWGFVR stressed the importance of independent and quality controlled (using model-independent methods) observation datasets for verification purposes.  A common list of stations should be used in the verification as it is done for radio-soundings. The CG recognises that substantial work will be needed to establish this essential observation dataset. The CG has concluded that it cannot make specific proposals at this time. It will prioritise this in its future work plan, once it has completed the implementation of its current recommendations for the standard verification of upper-air scores and establishment of a Lead Centre.
5
Establishment of a Lead Centre for Deterministic NWP Verification (LC-DNV)

Following CBS’ request for the establishment of a Lead Centre for Deterministic NWP Verification, as has been done for EPS and LRF verification, the meeting developed a list of functions expected from such Lead Centre (as listed in Annex 3), in a form that could be recommended by CBS-Ext.(10) to the WMO sixteenth Congress (2011).  The meeting followed the model which defines the functions of the Lead Centre for the Standardized Verification System for Long-range Forecasts, with appropriate modifications for NWP deterministic medium-range forecasts.  A distinction was made between mandatory functions expected from the LC-DNV (“shall”) and desirable functions (“may” or “should”).

Note: The WMO Lead Centre for deterministic NWP verification was discussed at the recent ECMWF Council. The Council unanimously endorsed the proposal that ECMWF offers to act as Lead Centre, as part of our continuing support to WMO. ECMWF will write to WMO to indicate its willingness to take on the LC-DNV role with the functions as proposed by the CG.  
Annex 1
TERMS OF REFERENCE OF THE CG-FV
Terms of Reference of the Coordination Group on Forecast Verification as adopted at CBS-XIV (2009):

(a)
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;

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

(c)
Develop suitable verification procedures for severe weather forecasts and warnings; 

(d)
Review Lead Centre activities and provide guidance as appropriate;

(e)
Liaise with WWRP/WGNE as required;

(f)
Provide guidance on how to implement verification systems.

Annex 2

UPDATED STANDARD VERIFICATION SYSTEM FOR DETERMINISTIC NWP

Standardized verification of deterministic NWP products

1.
Introduction 

This appendix presents detailed procedures for the production and exchange of a standard set of verification scores for deterministic NWP forecasts produced by GDPFS centres. The goal is to provide consistent verification information on the NWP products of GDPFS participating centres for forecasters in the NMHSs and to help the GDPFS Centres compare and improve their forecasts. Scores will be exchanged between the participating producing centres via the Lead Centre for DNV. The Lead Centre functions include creating and maintaining a website for Deterministic NWP verification information, so that potential users will benefit from a consistent presentation of the results. 

The term “deterministic NWP” refers to single integrations of NWP models providing products defining single future states of the atmosphere (as distinct from ensemble prediction systems where multiple integrations provide a range of future states).

The standardized verification should provide key relevant information appropriate to the state-of-the-art in NWP, while being as simple and as easy to implement as possible, and ensuring a consistent implementation across participating centres, in particular in the interpolation to verification grid, and use of a common climatology and set of observations.
2.
Verification statistics

The following sections define two sets of verification statistics. A minimum mandatory set shall be provided by all participating centres. A set of additional recommended statistics is also defined which all centres should provide if possible. The current specifications are for the verification of upper-air fields. The specifications will be expanded as recommended procedures for surface parameters are developed and in response to changing user requirements. The detailed procedures are required to ensure it is possible to compare results from the different participating centres in a scientifically valid manner.

3.
Parameters

Extra-tropics


Mandatory

· Mean sea-level pressure

· Geopotential height at 850, 500 and 250 hPa

· Temperature at 850, 500 and 250 hPa

· Wind at 850, 500 and 250 hPa

Additional recommended

· Geopotential height, temperature, wind at 100 hPa

· Relative humidity at 700 hPa

Tropics

Mandatory

· Geopotential height at 850 and 250 hPa

· Temperature at 850 and 250 hPa

· Wind at 850 and 250 hPa

Additional recommended

· Relative humidity at 700 hPa

4.
Forecast times

Scores shall be computed daily for forecasts initialised at 00 UTC and 12 UTC separately. For those centres not running forecasts from either 00 UTC or 12 UTC, scores may be provided for forecasts initiated at other times and must be labelled as such. 

5.
Forecast steps

Mandatory: forecast steps 24h, 48h, 72h, … 240h or end of forecast

Additional recommended: 12-hourly throughout forecast (12h, 24h, 36h, …) 

6.
Verification against analyses

6.1
Grid and interpolation

All parameters shall be verified against the centre’s own analysis on a regular 1.5° x 1.5° grid.  

In selecting the verification grid, consideration has been given to the variety of resolutions of current global NWP models, the resolved scales of models (several grid-lengths), the resolution of the available climatologies, the potential to monitor long-term trends in performance (including earlier, lower resolution forecasts) and computational efficiency.

Interpolation of higher resolution model fields to the verification grid shall be performed to retain features at the scale of the verification grid but not to introduce any additional smoothing. The following procedures shall be used:

· Spectral fields: truncate to equivalent spectral resolution (T120) for verification grid

· Grid point fields: use area-weighting to interpolate to verification grid

For scores requiring a climatology the climatology is made available via the LC-DNV website on the verification grid and needs no further interpolation.

6.2
Areas

Northern hemisphere extra-tropics 

90°N - 20°N, inclusive, all longitudes
Southern hemisphere extra-tropics 
90°S - 20°S, inclusive, all longitudes
Tropics 



20°N - 20°S, inclusive, all longitudes
North America 


25°N–60°N 50°W–145°W

Europe/North Africa


25°N–70°N 10°W–28°E

Asia 



25°N–65°N 60°E–145°E

Australia/New Zealand 

10°S–55°S 90°E–180°E
7.
Verification against observations

7.1
Observations

All parameters shall be verified against a common set of radiosondes. The list of radiosonde observations for each area is updated annually by the CBS Lead Centre for radiosonde monitoring. The chosen stations’ data must be available to all the centres and be of sufficient quality on a regular basis. Consultation with all centres (usually by electronic mail) is desirable before establishing the final list. The current list is available via the website of the LC-DNV. The LC-DNV will contact all participating centres when the new list is available and inform them of the date from which the new list shall be used. 

The observations used for verification shall be screened to exclude those with large errors. In order to do this, it is recommended that centres exclude values rejected by their objective analysis. Moreover, centres which apply a correction to the observations received on the GTS to remove biases (e.g. radiation correction), should use the corrected observations to compute verification statistics.

7.2
Interpolation

Verification shall be made using the nearest native model grid point to the observation location.

7.3
Areas

The seven networks used in verification against radiosondes consist of radiosonde stations located in the following geographical areas:

Northern hemisphere extra-tropics 

90°N - 20°N, inclusive, all longitudes

Southern hemisphere extra-tropics 
90°S - 20°S, inclusive, all longitudes
Tropics 



20°N - 20°S, inclusive, all longitudes
North America 


25°N–60°N 50°W–145°W

Europe/North Africa


25°N–70°N 10°W–28°E

Asia 



25°N–65°N 60°E–145°E

Australia/New Zealand 

10°S–55°S 90°E–180°E

The list of radiosonde stations to be used for each area is updated annually by the CBS Lead Centre for radiosonde monitoring (see section 7.1)
8.
Scores

The following scores are to be calculated for all parameters against both analysis and observation. 

Wind


Mandatory:

· rms vector wind error

Other parameters:


Mandatory

· Mean error

· Root mean square (rms) error

· Correlation coefficient between forecast and analysis anomalies (not required for obs)

· S1 score (for MSLP only)


Additional recommended

· mean absolute error

· rms forecast and analysis anomalies

· standard deviation of forecast and analysis fields

8.1
Score definitions

The following definitions should be used

Mean error 
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Correlation coefficient between forecast and analysis anomalies
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rms vector wind error
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Mean absolute error
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Where : 
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where the differentiation is approximated by differences cmputed on the verification grid.
The weights 
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Verification against analyses:
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9.
Exchange of scores

Each centre shall provide scores monthly to the LC-DNV. Details of the procedure and the required format for the data are provided on the website of the LC-DNV. All scores (daily or 12-hourly) for all forecasts verifying within a month shall be provided as soon as possible after the end of that month. 

10.
Climatology

To ensure consistency between results from different centres a common climatology shall be used for those scores requiring a climatology. All centres shall use the climatology provided via the LC-DNV website. 

A daily climatology of upper-air parameters are available for both 00 UTC and 12 UTC. This provides an up-to-date estimate of climate characteristics for each day of the year, including climate mean, standard deviation and selected quantiles of the climate distribution. These latter statistics are required for the CBS standardized verification of EPS forecasts.

The data is made available in Grib format. Information on access to the data and further documentation are provided on the LC-DNV website.

11.
Monthly and annual averaged scores

Where average scores are required over a defined period, the averaging shall be made using the following procedures:

Linear scores (mean error, mean absolute error) - mean

Non-linear score should be transformed to appropriate linear measure for averaging

mean of MSE; 

Z-transform for correlation

S1 score? (TBC by CG-FV)

For a defined period, the average shall be computed over all forecasts verifying during the period. Averages shall be computed separately for forecasts initiated at 00 UTC and 12 UTC and both sets of average values provided.

Annual averages of the daily scores are included in the yearly Technical Progress Report on the Global Data-processing System. These statistics are for the 24, 72 and 120 h forecast and include the rms vector wind error at 850 hPa (tropics area only) and 250 hPa (all areas) as well as the rms error of geopotential heights at 500 hPa (all the areas except for tropics). A table of the number of observations per month should also be part of the yearly report.

12.
Confidence Intervals

Bootstrapping*. Will be done by LC-DNV if daily scores are provided.


Note*:
Introduction:


Any verification score must be regarded as a sample estimate of the "true" value for an infinitely large verification dataset. There is therefore some uncertainty associated with the score's value, especially when the sample size is small or the data are not independent. Some estimate of uncertainty (i.e. confidence intervals) must be used to set bounds on the expected value of the verification score. This also helps to assess whether differences between competing forecast systems are statistically significant. Typically confidence intervals of 5% and 95% are used. 

Suggested method to calculate the Confidence Intervals (CI):


Mathematical formulae are available for computing CIs for distributions which are binomial or normal. In general, most verification scores cannot be expected to satisfy these assumptions. Moreover, the verification samples are often spatially and temporally correlated, especially at longer forecast ranges. A non‑parametric method such as the block bootstrap method handles spatially or temporally correlated data.


As described in Candille et al.(2007), a bootstrap technique for computing CIs involves recomputing scores numerous times after randomly extracting samples from the data set and then replacing them, again randomly, from the original data set. The correlation between forecasts on subsequent days is accounted for by extracting and replacing blocks of samples from the data set, rather than individual samples. Based on a calculation of the autocorrelation between forecasts on subsequent days, it is concluded that blocks of 3 days may be used to calculate the 5% and 95% confidence intervals. 

References:

‑ WMO/TD No. 1485 Recommendations for verification of QPF.

‑ G. Candille, C. Côté, P. L. Houtekamer, and G. Pellerin, 2007: Verification of an Ensemble Prediction System against Observations, Monthly Weather Review, Vol. 135, pp2688‑2699
13.
Documentation

Participating centres shall provide to the LC-DNV information on their implementation of the standardized verification system annually, shall confirm to the LC-DNV any changes to its implementation (including the annual change of station list, changes in additional statistics) and changes in their NWP model. 

Annex 3

FUNCTIONS OF LEAD CENTRE FOR DETERMINISTIC NWP VERIFICATION (LC-DNV)

The Lead Centre functions include creating and maintaining a website for Deterministic NWP verification information, so that potential users will benefit from a consistent presentation of the results.  The goal is to provide verification information on the NWP products of GDPFS participating centres for forecasters in the NMHSs and help the GDPFS Centres improve their forecasts.  Congress urged all Members to actively participate in that activity as either users or producers of Deterministic NWP verification information to assure the best use of the available products.

Note: * The “deterministic NWP” refers to single integrations of NWP models providing products defining single future states of the atmosphere (as distinct from ensemble prediction systems where multiple integrations provide a range of future states).
The purpose of the LC-DNV shall be to create, develop and maintain the website to provide access to the Deterministic NWP verification information. The choice of verification statistics, the content of the documentation, the information on interpretation and use of the verification data will be determined and revised by the CBS.  The address of the website is …………….. 

1. The LC-DNV shall:

a) Provide the facility for the GDPFS participating Centres to automatically deposit their verification statistics in the agreed format, and give all participating Centres access to these verification statistics

b) Maintain an archive of the verification statistics to allow the generation and display of trends in performance

c) provide specifications defining the format of the data to be sent by the GDPFS participating Centres to the LC-DNV (specification to be defined in consultation with the CG-FV)

d) Monitor the received verification statistics and consult with the relevant participating centre if data is missing or suspect

e) Provide on its website access to the standard procedures required to perform the verification

f) Provide access to standard data sets needed to perform the standard verification, including climatology and lists of observations and keep this up to date according to CBS recommendation

g) Provide on its website 

· consistent up-to-date graphical displays of the verification results from participating Centres through processing of the received statistics

· relevant documentation and links to the websites of GDPFS participating Centres;

· contact details to encourage feedback from NMHSs and other GDPFS Centres on the usefulness of the verification information

2. The LC-DNV may also:

 (a) Provide access to standardized software for calculating scoring information.

_1345203001.unknown

_1345203581.unknown

_1345203971.unknown

_1345204237.unknown

_1345204293.unknown

_1345204394.unknown

_1345204225.unknown

_1345203789.unknown

_1345203945.unknown

_1345203660.unknown

_1345203253.unknown

_1345203414.unknown

_1345203375.unknown

_1345203249.unknown

_1345203174.unknown

_1345201723.unknown

_1345202604.unknown

_1345202835.unknown

_1345202453.unknown

_1345202571.unknown

_1345201168.unknown

_1345201478.unknown

_1345200987.unknown

