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where:  X¢ = the forecast value of the parameter in question;
X, = the corresponding verifying value (analysed);
n = the number of grid points in the verification area;
cos ¢; = cosine of latitude of grid point i;
X = the climatological value of the parameter;
M. = themean value over the verification area of the forecast dimate anomalies;
M, . = themean value over the verification area of the analysed climate anomalies;
VF = the forecast wind vector;
V; = the verifying (analysed) wind vector.
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where the differentiation is approximated by differences on a 2.5° x 2.5° latitude/longitude grid.

NOTES:

(1) Values for these statistics should be computed daily (0000 UTC and 1200 UTC separately) for each specified area. Monthly
averages should then be computed from the daily values of all forecasts verifying within the relevant month. For those cen-
tres not running forecasts from either 0000 or 1200 UTC, tables may alternatively be provided for 0600 UTC and 1800 UTC
and should be labelled as such.

(2) The number of runs (daily statistics) forming the monthly means should be exchanged in the monthly report.

(3) Annual averages of daily verification 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 three areas) as well as the rms error of geopotential heights at 500 hPa (northern and southern hemispheres).

(4) To the extent possible, horizontal and vertical interpolations from model to verifying grids should not involve multiple
steps or explicit smoothing.

II - VERIFICATION AGAINST OBSERVATIONS

Network The seven networks used in verification against radiosondes consist of radiosondes stations lying within the
following geographical area:

North America 25°N-60°N S0°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°8-55°S 90°E-180°E
Tropics 20°S-20°N all longitudes
Northern hemisphere extratropics 20°N-90°N all longitudes
Southern hemisphere extratropics 20°5-90°S all longitudes

Stations The list of radiosonde stations to be used in each network is updated annually by the lead centre for radiosondes. The
chosen stations must be available to all the centres and provide quality data on a regular basis. Consultation with all
centres (usually by electronic mail) is desirable before establishing the final list. This list is published in the monthly
WWW Operational Newsletter, as appropriate.

Variables Geopotential height, temperature, winds

Levels 850 hPa, S00 hPa, 250 hPa

Time 24h,48h,72h, 960,120 h, 144 h, 168 h, 192 h, 216 h, 240h ...

Statistics Mean error, root-mean-square error (rmse), trend correlation, root-mean-square vector wind error (rmsey)

1902 oditi < - Ne—H-(X-2007)
ek £




FINAL REPORT
DISCLAIMER

Regulation 42

Recommendations of working groups shall have no status within the Organization until they have been approved by the responsible constituent body.  In the case of joint working groups the recommendations must be concurred with by the presidents of the constituent bodies concerned before being submitted to the designated constituent body.

Regulation 43

In the case of a recommendation made by a working group between sessions of the responsible constituent body, either in a session of a working group or by correspondence, the president of the body may, as an exceptional measure, approve the recommendation on behalf of the constituent body when the matter is, in his opinion, urgent, and does not appear to imply new obligations for Members. He may then submit this recommendation for adoption by the Executive Council or to the President of the Organization for action in accordance with Regulation 9(5).
© World Meteorological Organization, 2008

The right of publication in print, electronic and any other form and in any language is reserved by WMO. Short extracts from WMO publications may be reproduced without authorization provided that the complete source is clearly indicated. Editorial correspondence and requests to publish, reproduce or translate this publication (articles) in part or in whole should be addressed to:

Chairperson, Publications Board

World Meteorological Organization (WMO)

7 bis, avenue de la Paix



Tel.: +41 (0)22 730 84 03

P.O. Box No. 2300



Fax: +41 (0)22 730 80 40

CH-1211 Geneva 2, Switzerland



E-mail: Publications@wmo.int

NOTE

The designations employed in WMO publications and the presentation of material in this publication do not imply the expression of any opinion whatsoever on the part of the Secretariat of WMO concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries.

Opinions expressed in WMO publications are those of the authors and do not necessarily reflect those of WMO. The mention of specific companies or products does not imply that they are endorsed or recommended by WMO in preference to others of a similar nature which are not mentioned or advertised.

This document (or report) is not an official publication of WMO and has not been subjected to its standard editorial procedures. The views expressed herein do not necessarily have the endorsement of the Organization.

Executive Summary

The Meeting of the Coordination Group on Forecast Verification (CG-FV) of the CBS OPAG on DPFS was held at the kind invitation of ECMWF at their Headquarters in Reading, United Kingdom from 24 to 26 November 2009.
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.
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.
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.
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 a Lead Centre.  A distinction was made between mandatory functions expected from the LC-DNV (“shall”) and desirable functions (“may”).
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Mr Kyuichiro Tamiya,  Mr Tom Robinson , Mrs Anna Ghelli, Mr Joël Martellet,  Mr Paul Earnshaw, Mr Peter Chen, Mr David Richardson
1.
OPENING OF THE MEETING
1.1
The Meeting of the Coordination Group on Forecast Verification (CG-FV) of the CBS OPAG on DPFS was held at the kind invitation of ECMWF at their Headquarters in Reading, United Kingdom from 24 to 26 November 2009.  The meeting was opened by Mr David Richardson, Chairperson of the CG-FV at 9.30 a.m. on Tuesday 24 November.  Welcome and introductory remarks were made by Mr Walter Zwieflhofer, Head of Operations, on behalf of Mr Dominique Marbouty, Director of ECMWF.  He welcomed the participants and then stressed the importance of verification for NWP, especially the need for comparison between models, and also for evaluating the progress made over time.  He indicated the great interest of ECMWF in the work of this Team and he wished good work and success for this meeting.  Then the representative of the Secretary-General of WMO, Mr Peter Chen, thanked ECMWF for hosting and making local arrangements for this meeting.  He also wished the Group a successful meeting.  He recalled that CBS-XIV had established the terms of reference of this Group, and that CBS 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.  He also stressed the important role of ECMWF for the WMO Member States by making available many products and numerous information in the ECMWF web site and on GTS, and thanked ECMWF for that.  The Secretary-General’s representative recalled that this present meeting was the meeting of core members of the CG-FV.  In addition, there were associate members also in the Group who could access the WMO web page of this meeting and who could contribute to the subject.  
1.2
Approval of the agenda


The Meeting adopted the agenda given in Annex 1. 

1.3
Working arrangements for the meeting


The Meeting agreed on the organization of its work including the working hours.  The Meeting’s documents were available in English, and the Meeting was conducted in English.  
1.4
The list of participants is found in Annex 2.  

2.
REVIEW TERMS OF REFERENCE 
2.1
The meeting reviewed the 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.

2.2
The Group considered at the same time 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.  The chairman of the Group, Mr David Richardson recalled that there existed clear updated verification procedures for EPS and for LRF, but that no actions had been taken for more than ten years for deterministic NWP.  He listed, in agreement with the CBS statements, the main tasks for the Group for 2009-2010:

- The first meeting of the core members of the CG-FV should:
· Review purpose of CBS verification

· Review the status and relevance of standard procedures for verification of operational deterministic global forecasts

· Update these procedures: relevant for current NWP, simple and easy to implement, consistent implementation across centres

· Define guidance on how to implement these procedures

· Consider establishment of Lead Centre for deterministic NWP verification (LC-DNV)
· Consider extension of verification to surface parameters
- The Group should Initiate the link with the WWRP/WGNE group on verification research and begin to consider how the developments from the research side can be brought into operational use.

2.3
The Chairman was expecting this meeting to:

· Propose changes to the GDPFS Manual

· Update the standard procedures for deterministic NWP verification (DNV)

· Define the functions of Lead Centre for DNV
· Write guidance on how to implement the procedures

· Address communication to GDPFS Centres
· Email contact list

· Observation list

· Propose interim solution in absence of a Lead Centre
· Plan future work of CG-FV
· extension of verification to surface parameters
3.
REVIEW STANDARD PROCEDURES
3.1
The Secretariat presented the standards for deterministic NWP verification as they are currently listed in the WMO Manual on Global Data Processing and Forecasting System (GDPFS, see Annex 3).  He recalled that the Manual 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.  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.  Also, verification activities are listed as a non-real time activity in the Manual, which could be an impediment and a dis-incentive to implement systematic verification performed in real-time for all operational forecasting processes, based on NWP (with or without) human interpretation.  The Meeting agreed 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.  From that perspective, the Group recommended to update corresponding parts of the Manual where verification is mentioned, and to include it as a real time-activity. 
3.2
There are different users of NWP information.  A verification system should be designed to satisfy the type(s) of user it is supposed to help to build an opinion on the delivered products or to take action for improving the same products into the future.  Verification serves and supports model improvement, forecast improvement, and ideally, quantifies the usefulness for the user.  The type of verification needed may vary depending on the predictability of the type of event forecasted and the forecast lead-time itself.  The interest for verification will vary depending on the users.  The users can be categorized as
(i) Modelers
- For monitoring of operational forecasts:

· Comparison with other models

· Is there an improvement after last change?

· Find out reasons for systematic and other forecast errors

- For development of new model versions:

· Identify needed model improvements (where?)

· Show improvements of tested updated version compared to operational or other forecasts?

· Are these improvements reliable?

(ii) Meteorologically educated users (e.g., forecaster)

- For having guidance for interpreting the model results

- For understanding systematic errors for forecast of different elements allows the forecaster to more correctly specify the final forecasts if model forecasts are used as a guidance

(iii) Non-meteorologically educated users

- For how much should I trust the forecast?
- If they say the temperature will be 25 degrees, does that mean 20-30? 23-27?

(iv) Administrators

- For input to decision-making systems:

· Show the improvements over past to justify budget! 


In the WMO GDPFS, producers of global model forecasts like to compare their forecast products, and they also like to track and show improvement over time.  There is also the interest of all forecasters who use the forecasts of various producers and need information on the actual quality, including specific verification scores.  Forecasters need to have the verification scores of the different models’ products available to them.  The meeting discussed those issues and agreed that the verification system defined through WMO is aimed at model developers (including the producing centres) and forecasters, to assess and compare model performances.  
3.3
The EPS and LRF verification scores are monitored and reviewed by the corresponding CBS 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 was appropriate.  To initiate this, Mr David Richardson presented the results of a questionnaire about the exchange of standard scores, which was sent to the 13 GDPFS Centres which are running operationally global model (referred later in the report as “the GDPFS participating Centres”).   Questions and replies received are presented in Annex 4. It should be noted that the survey was made in 2008 and changes made in 2009 are not included. In particular, as a result of this exercise the use of the correct (annually updated) list of radiosonde stations is now much more consistent across participating centres than reported in 2008.
Summary of main points: 
· Scores are exchanged between GDPFS centres monthly, as requested.  However, a number of centres are not participating in this exchange.  All global forecasting centres should participate.

· Verification against observations should use a list of stations prepared annually by the lead centre for QC of radiosonde data (ECMWF) and distributed to all centres (and to WMO). However, this list does not always reach the person responsible for verification in each of the centres.  In current 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 regularly updated.

· Verification against analyses is presently specified on a 2.5° x 2.5° latitude-longitude grid.  This is now substantially coarser than the resolution of many global models, which can be as high as 0.25°.  The actual method used to interpolate 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 specified.
· Anomaly correlation can be significantly affected by the actual 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 permit meaningful comparison of results.  This should be reviewed and a common climatology specified.
· The list of forecast parameters to be verified, forecast lead-time, and geographical areas should be reviewed, and expanded to reflect present NWP systems.
Necessary changes to the CBS verification procedures

3.4
Based on input received in response to the questionnaire (see Annex 4), recommendations for changes to WMO procedures should initially focus on the following points:

· 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 agreed, but may depend on native grid of model: 

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

· Grid point fields: area weighting is used by Met Office and CMC

· Climatology for anomaly correlation. General agreement that common climatology would help comparison of scores. 

· 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 (traditional radiosondes report Dew point, perhaps in the future also relative humidity)

3.4.1
The Team discussed these issues and agreed that the aim should be to use a common climatology.  The climatology period should cover as recent period as possible because of climate changes.  In addition, more satellite data have been included after 1990.  

A daily climatology has been created using the ECMWF ERA-Interim reanalysis for 1989-2008. 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 ERA-Interim reanalysis provides a consistent climate for both deterministic and EPS verification. Upper-air parameters are available for both 00 UTC and 12 UTC. 


The computation of the daily climatology follows the method of Jung and Leutbecher, 2008 (Quart. J. Roy. Meteor. Soc 134, 973-984.).


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.

3.4.2
For WMO verification against observations:

· Seven geographical areas are used in verification against radiosonde data.
· The list of radiosonde stations to be used in each network is updated annually by the lead centre for radiosondes. 
· The number of stations has increased substantially over the past 5 years, especially over Asia, and the tropics.
3.4.3
There were three important things to note for any changes to be implemented:

· Changes will introduce discontinuity in scores.  Should the old verification procedures be maintained as well, as least for a limited period of time?

· 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. 
3.4.4
Although the first priority is to consolidate the current verification, the variables that are verified should also be reviewed.  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 (see agenda item 7).

3.4.5
Mr Tom Robinson pointed out the effect of interpolation from the model forecast.  The results of the survey on verification practices indicated that there are discrepancies in procedures and practices amongst the various centres.  Studies, carried out at the CMC since July 2008, indicated that such differences can have a large effect on verification scores.  In particular, an update to the list of radiosonde observations and adoption of a new method for interpolating model and analysis fields to the target verification grid produced large differences in verification scores.  For these reasons, the Meeting agreed that interpolation from the model forecast and analysis fields should, inasmuch as possible, be done using similar techniques, notwithstanding that there will be necessarily variations due to different types of models (spectral vs. grid-point).  The requirement that interpolations should not involve multiple steps or explicit smoothing must be balanced against the need to ensure that unresolved scales are removed during the interpolation (for example, the use of a simple bi-cubic interpolation at CMC became untenable when the difference between model resolution and the verifying target grid became so large that model phenomena at scales below that of the target grid were unrealistically corrupting the scores).  The meeting agreed to take these important remarks into account for updating the verification procedures (see agenda item 4).
4.
UPDATE THE STANDARD PRODEDURES FOR VERIFICATION 
4.1
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.  
4.1.1
The meeting concluded that the main users of the CBS standard verification for NWP include forecasters using NWP products from the global producing centres, and the producing centres themselves.  
4.1.2
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.  
4.1.3
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.  
4.1.4
Mr Richardson informed the meeting that ECMWF has recently developed and introduced a new verification software system for its deterministic and EPS forecasts, based in part on a review of present procedures as specified in the Manual on the GDPFS, to make the verification results more relevant to current NWP.  The new ECMWF verification procedures are described below: 

· Verification against analyses is made on a regular 1.5 degree latitude-longitude grid. Tests of various grids (2.5 to 0.5 degree) showed significant differences between 2.5 and 1.5, but not for finer grids. The finer grids were therefore not considered necessary, especially considering the computational efficiency. It should also be noted that the ECMWF scores are used to monitor long-term trends (back to 1980) and a grid suitable for the whole period was required: forecasts from previous years will be re-scored using the new system; 

· Spectral fields are truncated to T120 before transformation to grid-point space to remove scales smaller than the verification grid; no other smoothing is applied;

· A climatology based on the latest ECMWF re-analysis (ERA-Interim) is used for the anomaly correlation; 

· Forecasts are scored 12-hourly throughout the forecast;

· More areas have been added for verification against analyses, including the CBS areas specified for verification against observations;

· Verification of both relative and specific humidity has been added and comparison of these is in progress;

· All current scores have been retained.  Mean absolute error has been added - this is related to the continuous rank probability score (CRPS) used in EPS verification (the CRPS for the deterministic forecast is equivalent to the MAE).
4.1.5
Dr Ghelli, on behalf of Dr Ebert who could not participate at the meeting, represented the WWRP/WGNE Joint Working Group on Forecast Verification Research (JWGFVR) and informed the meeting of its work.  The JWGFVR has produced one document containing guideline for verification of precipitation and is preparing a corresponding document for verification of clouds. The recommendations for verifying deterministic and probabilistic precipitation forecasts are relevant for inter-comparison projects and were recently published as WMO technical report WMO/TD No. 1485: “Recommendations for the Verification and Intercomparison of QPFs and PQPFs from Operational NWP Models”. The document includes some relevant sections for updating CBS verification procedures and scores.  

4.1.6
The JWGFVR also carries out training activities, including organizing workshops to promote verification in research and operational activities.  The 3rd and the 4th International Verification Methods Workshops included 2.5 days of tutorial prior to the scientific workshop, aimed at introducing basic concepts and scores to a group of about 30 students coming from different part of the world.   WMO and COST have provided financial support for the workshops.  Some members of the group have produced EUMETCAL modules for distance learning activities. The modules are used as teaching tools along with the tutorial materials produced for the Verification Workshops. A "traveling tutorial" has been successfully tested in South Africa and the Met Office.  The JWGFVR web site: 

http://www.bom.gov.au/bmrc/wefor/staff/eee/verif/verif_web_page.html
contains information on verification methods, references to published work and a list of Frequently Asked Questions. The web site is widely used and appreciated by both research and operational communities.  

4.1.7
For the consideration of the Group, the JWGFVR provided its perspective relative to updating the verification procedures, in particular on the use of analyses in the verification process, verifying against radiosonde observations, verification statistics, and the inclusion of atmospheric moisture as an additional verification parameter.  It was stressed that:
· Standard interpolation techniques are essential for CBS verification procedures

· Clear recommendations are needed on:

· Interpolation methods

· Truncation of spectral fields (prior to interpolation)

· Resolution (e.g. regular lat-long grid  1x1 degree)

· Confidence intervals (with block bootstrapping technique) on the scores should be included

The JWGFVR also supports the proposal to establish a Lead Centre for Deterministic NWP Verification.  
Proposal for updating the standard procedures for verification 

4.1.8
After discussion, 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, which is found in the Annex 5.  The Group agreed to confirm, after 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.
Extending the operational verification to include some surface parameters

4.2
Mr Richardson informed the meeting of the current work at ECMWF on reviewing its verification of surface parameters.  This activity is part of a more general review of verification being undertaken by ECMWF’s Technical Advisory Committee (TAC), which established (October 2008) a Subgroup to carry out this review.  The main aim is to recommend verification measures appropriate for monitoring ECMWF’s long-term progress in medium-range weather forecasting, complementing the current upper-air measures, and with particular emphasis on the progress in providing early warnings of severe weather.  The work is still in progress and it is expected that the Subgroup will provide its recommendations to the TAC in October 2010.  The Subgroup has so far recommended that the most important surface parameters for operational verification include precipitation, 10-m wind, and 2-m temperature.
4.2.1
The Subgroup made the following recommendations on the procedures to be followed in the verification of precipitation:

· interpolation to station location: the WWRP/WGNE Joint Working Group on Forecast Verification Research recommendations should be consulted; these propose to use nearest grid point, unless “the model resolution is very coarse compared to the observations”.

· availability and quality of observations: SYNOP is all that is available to ECMWF in near real-time. Basic quality control is required. More sophisticated e.g. multi-variate quality control was not recommended at this stage, due to its complexity and the effort required.  

· climate differences between stations: can be addressed by scaling the quantity to be verified by the local climate of the station. This allows homogeneous samples to be accumulated over larger areas and in mountainous domains. 

· geographical distribution of observations: leads to variations of the geographical sampling over time. This is unavoidable, but the requirement for long time series will mitigate its effects to some extent.

4.2.2
Dr. Ghelli informed the meeting about the activities linked to verification of surface parameters carried out by JWGFVR. The document WMO/TD no.1485 contains the relevant information for the verification of surface parameters and could be used as a starting point for the activities of CG-VF. 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.

Moreover, JWGFVR recommended that:

· Precipitation, 2m Temperature and 10m wind should be considered for the inclusion in the WMO CBS standard verifications

· The nearest model grid-point should be used for verification of precipitation and wind, while bi-linear interpolation can be used for 2m temperature

· A standard horizontal resolution should be agreed. The WMO/TD no. 1485 suggests 0.5 x 0.5 degree resolution for deterministic forecasts.

· Standard areas should be agreed

· Verification of 2m Temperature and 10m wind should be done 6 hourly to take into account  the daily cycle. 

· A standard list of scores should be agreed. The WMO/TD no.1485 describes a variety of scores with a priority tag associated to them. The tag, which distinguishs between “highly recommended”, “recommended” and “worth a try”, attempts to balance the needs to assess different aspects of the forecast, while acknowledging that users may not want to look through a large array of scores.

· Confidence intervals should always be included (bootstrapping)

4.2.3
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 meeting would consider the recommendations that are forthcoming from the ECMWF review, as well as seek guidance from the JWGFVR.
The meeting agreed that 

· The main parameters should be precipitation data 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. 
4.2.4
The meeting established a work plan for the CG-FV members to develop 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.

5.
ESTABLISH A CONSISTENT IMPLEMENTATION PROCESS OF THE VERIFICATION SYSTEM ACROSS PARTICIPATING CENTRES
The Meeting discussed this point stressed by the last CBS.  It was agreed that correctly updated procedures for standard verification as proposed (see agenda item 4) will assure a consistent implementation process for all the concerned GDPFS Centres.  The recommended interpolation process and the use of standard climatology and standard observational data sets will ensure consistency.  Consistency among NWP Centres and in time, will also be guaranteed by methods, factors and complete definition of parameters, levels, climatology, stations lists, etc., for the common verification process, being described and stored in a centralized web site.  It could be at the WMO web site initially and then moved to the web site of a new Lead Centre for Deterministic NWP Verification, when it is established.  The process should be designed in such a way that it should encourage all relevant Centres to implement the production of verification scores in the standardized way, which will facilitate meaningful and reliable comparison of outputs among these Centres.  Consistent implementation means the use of identical reference data sets and also identical process in each NWP Centres for comparison purposes, but also for helping NWP Centres for their own assessment of progress or need for specific improvement in some technical aspect(s) of their respective models.


The meeting agreed that as a first step to improve co-ordination and consistency of verification results (while there is no LC-DNV):

· ECMWF will send to all participating centres the new observation list each year and will indicate the date from which this new list shall be used
· CG-FV will maintain an email contact list for the participating centres

· CG-FV will assist new participating centres to implement the current standardised procedures and exchange scores

· CG-FV will inform the participating centres on the progress to develop and implement the new revised procedures
6.
DEFINE GUIDANCE ON HOW TO IMPLEMENT THE DETERMINISTIC NWP VERIFICATION SYSTEM

The current texts on “verification” in the Manual do not provide comprehensive and clear guidance for NWP Centres.  The meeting discussed the issue and concluded that it would require a major effort to develop a step-by-step technical guide to explain how to build and implement a verification system, including the techniques and procedures, in an NWP production Centre.   While the task could be a long term goal for the CG-FV, the meeting felt that the correctly updated procedures for verification as they will be updated and defined in the Manual should adequately act as new and clear guidance for implementing the updated verification system, at the level of an NWP centre, for its own interest, and also for the benefit of other Centres across the GDPFS, for comparison and collaborative improvement of NWP performance.  It was suggested 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.  In these updated procedures, the use of “shall” should be more considered in order to make mandatory verification process in some Centres (for global and regional models), to ensure the sustainable quality of forecasting, to ease inter-comparison and to enable forecasters to make the best use of the forecast products.

7.
ESTABLISHING A LEAD CENTRE FOR DETERMINISTIC NWP VERIFICATION


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 worked out a list of functions expected from such Lead Centre (as listed in Annex 6), 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”).

8.
CLOSURE OF THE MEETING


The meeting was closed at 16.40 on Thursday 26 November 2009 by the Chairman of whom the excellent work and leadership had been highly appreciated by all the participants and the Secretariat.
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ANNEX 3

EXISTING STANDARDS FOR DETERMINISTIC NWP VERIFICATION

EXTRACTS OF ATTACHMENT II.7: PLAN FOR MONITORING THE OPERATION OF THE WORLD WEATHER WATCH
“STATISTICAL VERIFICATION OF NUMERICAL WEATHER PREDICTION

1990 text

23. The accuracy of forecasts of numerical weather prediction models should be monitored by objective verification procedures.

(a) Centres operating global, hemispheric or near-hemispheric models and regional models covering appropriate areas should compile verification statistics using the standard procedures described in Table F. The results, together with any relevant information such as improvements that have been made to their NWP systems, should be exchanged monthly between participating centres. Such information may enable centres to identify deficiencies or problems and make improvements in their NWP systems;

(b) Centres receiving GDPFS products over the GTS may wish to verify appropriate areas using the standardized measures listed in Table F and send the results to the producing centres.

2005 text

24. The statistics of EPS verification should be exchanged. A lead centre for EPS verification should take responsibility for gathering the statistics of EPS verification and for deriving probabilistic scores such as the Brier score, the reliability score, ROC area and the economic value from the exchanged reliability table. The lead centre should make the verification scores available on a website, which is open to the NMHSs, promptly.”
Then 1998 text follows (Table F):
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TaBLE F

Factors and methods used in standardized verification of NWP products

I - VERIFICATION AGAINST ANALYSIS
Area Northern hemisphere extratropics (90°N - 20°N) {all inclusive)

Tropics (20°N - 20°S) (all inclusive)
Southern hemisphere extratropics (20°S - 90°S) (all inclusive)
Grid Verifying analysis is the centre’s on a latitude-longitude grid 2.5° x 2.5% origin (0°, 0°)

Variables Mean sea-level pressure, geopotential height, temperature, winds

Levels Extratropics: Mean sea-level, 500 hPa, 250 hPa
Tropics: 850 hPa, 250 hPa

Time 24h, 48 h,72h, 96 h, 120 h, 144 h, 168 h, 192 h, 216 h, 240 h ...

Statistics Mean error, root-mean-square error (rmse), anomaly correlation, S; skill score, root-mean-square vector wind
error (rmsey)

The following definitions should be used:
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The following definitions should be used:

mean error Mﬂv :72(xf—xv)i

ms error

correlation coefficient between )
observed and forecast trends

rms vector wind error

where: x¢ the forecast value of the parameter in question;
Xy = the corresponding verifying value (observed);

X, Xy, = same as above, but for the initial time;

n = the number of observations in the verification area;

Mﬂ [ the mean value over the verification area of the forecast trends;
M, ,, = themean value over the verification area of the observed trends;
Vf) = the forecast wind vector;

VV) = the verifying (observed) wind vector.

NOTES:

(1) The observations used for verification should 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 statistics.

(2) Values for these statistics should be computed daily (0000 UTC and 1200 UTC separately) for each specified network.
Monthly averages should then be computed from the daily values of all forecasts verifying within the relevant month. For
those centres not running forecasts from either 0000 or 1200 UTC, tables may alternatively be provided for other base times
and should be labelled as such.

(3) Thenumber of runs (daily statistics) forming the monthly means should be exchanged in the monthly report, as well as the
average number of observation points used in the computations.

(4) Annual averages of daily verification 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 network only)
and 250 hPa (all seven networks) as well as the rms error of geopotential heights at 500 hPa (all the networks except for
tropics). A table of the number of observations per month should also be part of the yearly report.

(5) To the extent possible, horizontal and vertical interpolations from model to verifying observations should not involve
multiple steps or explicit smoothing.
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ANNEX 4: 

RESULTS OF A QUESTIONNAIRE ABOUT THE EXCHANGE OF STANDARD SCORES
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
	Y

	Russia
	Y
	Y
	Y
	N

	CPTEC
	Y
	N
	N
	N

	India NCMWRF
	Y
	N
	N
	N

	CMA
	Y
	
	Y
	N

	KMA
	Y
	
	Y
	Y


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

1. 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) 
· KMA: direct interpolation from the full resolution of the spectral fields

· DWD: original value at model grid

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
· KMA: bilinear interpolation from 2.5° grid

· DWD: bilinear interpolation from 0.5o grid

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: operational quality control. Statistical bias correction.

· BoM: None.

· Meteo-France: assimilation scheme quality control
· KMA: operational quality control
· DWD: coarse quality check

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 list 1st September.

· Meteo-France: yes, it is provided by A. Garcia-Mendez
· KMA: No
· DWD: no

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
· KMA: climatology from NCEP (NMC)

· DWD: Unfortunately, only tendency correlation is calculated, anomaly correlation will be calculated starting with the operational use of the higher horizontal resolution during first quarter of 2010

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 
· KMA: average the daily scores for 00Z and 12Z separately

· DWD: averaging over 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.
· KMA: agree to use higher resolution
· DWD: same opinion as CMC and Met Office

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
· KMA:
· DWD: Interpolation technique should be uniform

c. Climatology can affect the anomaly correlation - can we consider using a common climatology to minimize the effect

· ECMWF: would like common climatology (already use ERA-40 for EPS verification)

· 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.
· KMA: agree 
· DWD: agree

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
· KMA: RH
· DWD: could be added, uniform algorithms (approximations) for calculating RH should be used

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 
· KMA: might be good to pattern analysis
· DWD: verification of precipitation is part of the WGNE programme

ANNEX 5
UPDATED STANDARD VERIFICATION SYSTEM FOR DETERMINISTIC NWP
APPENDIX
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)
Southern hemisphere extra-tropics (90°S - 20°S, inclusive)

Tropics (20°N - 20°S, inclusive)

All areas as defined for verification against observations (TBC)
Ocean areas (N Atlantic, N Pacific) details to be provided by CG-FV
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

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

Tropics 20°S–20°N all longitudes

Northern hemisphere extratropics 20°N–90°N all longitudes

Southern hemisphere extratropics 20°S–90°S all longitudes

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

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 6:
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 (……………………………).
















