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Summary and purpose of document

This document lists the Standard Procedures as defined in WMO Manual for factors and methods used in standardized verification of NWP products for deterministic NWP models.  With the perspective of reviewing these procedures, according to new requirements, the document recalls the possible purposes of verification.
Action Proposed  

The meeting is invited to review the contents of this document, as a starter for discussion with a view to properly define the new standard procedures for verification of deterministic NWP models.
Annex:
- Extracts of  WMO Manual on GDPFS, pub. No 485, related to verification including Table F: “Factors and methods used in standardized verification of NWP products” 
Reference(s):
- WMO Manual on Global Data Processing Forecasting System, publication No 485

- Third International Workshop on Verification Methods, ECMWF, Reading, UK, 29 January - 2 February 2007 - Different types of verification results required by different users (Ulrich Damrath, Barbara Brown, Pertti Nurmi)

BACKGROUND
1. REMINDER ON THE STATUS OF THE WMO MANUAL ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM

1.1
The, WMO pub. No 485 is designed:

(a) To facilitate cooperation in data-processing and forecasting among Members (= WMO Member Countries);

(b) To specify obligations of Members in the implementation of the World Weather Watch (WWW) Global Data-processing and Forecasting System (GDPFS);

(c) To ensure adequate uniformity and standardization in the practices and procedures employed in achieving (a) and (b) above.

1.2
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) as well as from decisions taken by Congress and the Executive Council.  The 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.

TYPES OF REGULATIONS

1.3
Volume I of the Manual 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 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.

1.4
In accordance with the above definitions, Members shall do their utmost to implement the standard practices and procedures. In accordance with Article 9 (b) of the Convention and in conformity with the provisions of Regulation 127 of the General Regulations, Members shall formally notify the Secretary-General, in writing, of their intention of non-observance of the standard practices and procedures of the Manual, for which they lodge a specific deviation. Members shall also inform the Secretary-General, at least three months in advance, of any change in the degree of their implementation of a standard practice or procedure as previously notified and of the effective date of the change.

However, with regard to the recommended practices and procedures, Members are urged to comply with these, but it is not necessary to notify the Secretary-General of non-observance.

In order to clarify the status of the various regulatory material, the standard practices and procedures are distinguished from the recommended practices and procedures by a difference in typographical practice as indicated in the editorial note (usually semi-bold for standard practices and procedures, and normal for the recommended practices and procedures).
NOTES AND ATTACHMENTS

1.5
Certain notes are included in the Manual for explanatory purposes. They do not have the status of the annexes to the Technical Regulations.

A number of detailed guidelines, specifications and formats of data-processing practices and procedures are included in the Manual. Taking into account the rapid development of data-processing and forecasting techniques and the increasing requirements of WWW and other WMO programmes, these guidelines etc. are given in “attachments” to the Manual and do not have the status of the annexes to the Technical Regulations. This will enable the Commission for Basic Systems to update them as necessary. The words “shall” and “should” in the attachments have their dictionary meanings and do not have the regulatory character mentioned in paragraph 1.3 above.

2.
COMMENTS ON PARTS OF THE WMO MANUAL ON THE GLOBAL DATA PROCESSING AND FORECASTING SYSTEM RELATING TO VERIFICATION

Extracts from the WMO Manual on the Global Data Processing and Forecasting System related to verification are listed in ANNEX.
2.1 In the present GDPFS Manual, it can be seen that the “standardized verification” is not mandatory but is considered only as a set of recommendations.  The meeting could consider this issue and perhaps make mandatory verification of NWP products, especially for global models.  Performing NWP without verification is inconsistent with Quality Management principles, and would result in unreliability, and an unsustainable activity. 
2.2 Verification activities are often seen as a non-real time activity, which could be an impediment and a non-incentive to implement systematic verification performed in real-time for all operational forecasting processes, based on NWP without/and/or human interpretation.  Efficient and systematic verification systems should be run in real-time, or at least in near real-time to accumulate and produce useful information, to monitor NWP performance during the previous days, for use by the model developers as well as for the forecasters.
2.3 The content of Table F relative to deterministic forecasting was defined in 1998 and after 11 years, technology and best practices have certainly evolved.  The meeting will consider to update the recommended (the “should”) factors and methods used in standardized verification of NWP products for deterministic NWP models, and consider which of these would be made mandatory (the “shall”).

3.
SOME IDEAS ON THE PURPOSES OF VERIFICATION

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 future products.  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 time itself.  The interest for verification will vary depending on the users.  In the Third International Workshop on Verification Methods, ECMWF, Reading, UK, 29 January - 2 February 2007, a presentation made by Ulrich Damrath, Barbara Brown, Pertti Nurmi summarized the different types of verification results required by different users:
.
(i)
Interests of 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)
Interests of meteorologically educated users (e.g., forecaster)

- Guidance for interpreting the model results

- 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)
Interests of non-meteorologically educated users

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

- Input to decision-making systems:
· Show the improvements over past to justify budget! 

In the WMO Global Data Processing and Forecasting System, producers of Global Model Forecasts like to compare their forecasts products, they also like to show improvement in time.  However, there is also the interest of the forecasters, who are not in the countries of the 16 Global Model producers and who use the forecasts and may need information on the quality, including specific verification scores.  Finally, there is the interest, internal to the producing centre, mainly of the modelers, but also of the national forecasters of the country of the Centre.  The Group should then discuss the purpose of the WMO standard verification scores and then recommend which ones shall be listed in the GDPFS Manual as required, and other as simply recommended. 
4.
CONCLUSION
4.1
The main requirement for a verification system is that its results provide users with the information that she/he needs!  There are many verification methods, and certain properties should be respected (like using proper scores).  New techniques should be used when proven.  Uncertainty should always be estimated and illustrated.

4.2
The meeting is invited to discuss these ideas and take them into account for updating the recommended WMO verification system.

ANNEX
EXTRACTS OF THE WMO MANUAL ON THE GLOBAL DATA-PROCESSING AND FORECASTING SYSTEM RELATED TO VERIFICATION:
(The known year of CBS approval of the text is indicated)
In Part I: ORGANIZATION AND FUNCTIONS OF THE GLOBAL DATA-PROCESSING AND FORECASTING SYSTEM
1990 text:

“2.2 The non-real-time functions of the GDPFS shall include: 

(a) Preparation of special products for climate-related diagnosis (i.e. 10-day or 30-day means, summaries, frequencies, anomalies and historical reference climatologies) on a global or regional scale; 

(b) Intercomparison of analysis and forecast products, monitoring of observational data quality, verification of the accuracy of prepared forecast fields, diagnostic studies and NWP model development; 

(c) Long-term storage of GOS data and GDPFS products, as well as verification results for operational and research use;” 

“4.1.1  ……………….
…………………………..

WMCs shall also carry out verification and intercomparison of products, support the inclusion of research results into operational models and their supporting systems, and provide training courses on the use of WMC products.”
“4.1.2.3 RSMCs shall also carryout verification and intercomparison of products and arrange regional workshops and seminars on centres’ products and their use in national weather forecasting.”
In Part II: DATA-PROCESSING AND FORECASTING ASPECTS
“1.1.3 Non-real-time products and services 

The GDPFS should also provide the following products and services in non-real time: 

(a) Long-range weather and climate monitoring products when operationally useful; 
(b) Climate-related diagnoses (10- or 30-day mean charts, summaries, anomalies, etc.) particularly for the tropical/subtropical belt; 

(c) Intercomparison of products, verification and diagnostic studies, as well as NWP model development; 

(d) Access to data, products and intercomparison results using internationally-accepted formats and media;
(e) …………”
“1.2 Functions of Members responsible for GDPFS centres 

1.2.1 Interpretation at NMCs 

National Meteorological Centres (NMCs) should be able to use, interpret and interact fully with GDPFS products in order to reap the benefits of the WWW system. Appropriate guidance on the methods for the interpretation of the GDPFS output to end-user products should be made available to Members, as well as methods for the verification and intercomparison of forecasts. “
“1.3.2 Use of products 

WMCs should also carry out verification and intercomparison of products and make results available to all Members concerned, support the inclusion of research results into operational models and their supporting systems and provide training courses on the use of WMC products. “
“1.4.1.1 Regional Specialized Meteorological Centres (RSMCs) with geographical specialization 

…… Output products from RSMCs should comprise: 

……..

(e) ………

(f) Results of forecast verifications and intercomparison studies. “

“1.4.4 The functions of an RSMC should also include the following non-real-time activities: 

……

(b) ………. 

(c) Carrying out comparative verifications of RSMC products and making results available to all Members concerned; “

1992 text:

“1.5.3 The functions of an NMC should also include the following non-real-time activities: Comment: Verification and provision of Feed-back to Specialised Centres is missing!!!!!
(a) Support, as required, of the appropriate RSMC in managing non-real-time data, including management of its national database; 

(b) Storage and retrieval (including quality control) of observational data and processed information to meet national and certain international requirements; 

(c) Research concerning operations to meet national requirements. “

Before 1988 text:

“5.3.8 Plan for monitoring the operation of the World Weather Watch 

5.3.8.1 Members should implement the plan for monitoring the operation of the World Weather Watch, in particular the real-time monitoring.  Comment: That is more a WIS-GTS function for real time, for quantitative monitoring.
NOTE: The plan for monitoring the operation of the World Weather Watch is given in Attachment II.7. “
1992 text:

“5.4 Responsibilities of Members for providing information on their real-time data-processing activities 

5.4.1 Members shall provide the Secretariat annually, at the end of January, with information on equipment in use at their centre, usage of data and products from the GTS, analysis and prediction techniques, real-time quality control and verification procedures, and results obtained at their centre(s) for inclusion in an Annual WWW Technical Progress Report on the Global Data-processing and Forecasting System. “
In Part III: DATA MANAGEMENT ASPECTS
1992 text:
2.1 Data to be stored for non-real-time uses 

2.1.1 The following operational data shall be stored within the GDPFS: 

(a) All direct observations or values calculated from these observations by simple methods; 

(b) Selected derived data which cannot be easily reconstituted from observed data; 

(c) Selections of analyses and forecasts including verification results. 

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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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.
. ( ) - ¢ )

2 = —(x, —x, )| +|—@x,—x
¢ dx £ v ay £ v

dx dx
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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)
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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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