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UPDATED STANDARD VERIFICATION SYSTEM
(Submitted by the Secretariat)

Summary and purpose of document

This document provides the updated standard verification system as adopted by CBS-Ext.(2010) (November 2010).
Action Proposed

The meeting is invited to discuss the way forward with the implementation of the updated standard verification system, including milestones for a transitional period (run in parallel with the old system).
Appendix:
– Excerpt of the CBS-Ext.(10)/APP_WP 4.4(1), ADD.1 on the updated standard verification system, available at: ftp://ftp.wmo.int/Documents/SESSIONS/CBS-Ext(10)/English/PINKs_tracked-changes/ 
EXCERPT OF THE CBS-EXT.(10)/APP_WP 4.4(1), ADD.1 ON THE UPDATED STANDARD VERIFICATION SYSTEM
Annex 2 to draft Recommendation 4.4/1 (CBS-Ext.(10))

The proposed amendments to the Manual on the GDPFS, Volume I, relate to the establishment of new standardized procedures related to verification of both deterministic NWP and EPS.  These proposed amendments include:

· Standardized verification of deterministic NWP products: amendments to Part II, Attachment II.7, Table F;
· EPS verification requirements: amendments to Part II, Attachment II.7, Table F;

· Lead Centre for Deterministic NWP Verification (LC-DNV): Part II, new Attachment II.14.

PROPOSED AMENDMENTS TO THE MANUAL ON THE GDPFS RELATED TO STANDARDIZED PROCEDURES RELATED TO VERIFICATION OF BOTH DETERMINISTIC NWP AND EPS, VOLUME I, (WMO-No. 485)

Part II: Attachment II.7, Table F, sections I (Verification Against Analysis) and II (Verification Against Observations) shall be replaced by a single new section I (Standardized Verification of Deterministic NWP Products), with the existing formula; and rename section III (Standard Verification Measures of EPS) as section II.  The new section I shall read as follows:

I – STANDARDIZED VERIFICATION OF DETERMINISTIC NWP PRODUCTS
1.
Introduction 

This section 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, as described in Attachment II.14, 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 subsections 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 subsection 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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Root mean square (rms) 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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standard deviation of field
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S1 score
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Where: 
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=
the forecast value of the parameter in question
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=
the corresponding verifying value 
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=
the climatological value of the parameter
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=
the number of grid points or observations in the verification area
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the mean value over the verification area of the forecast 
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the mean value over the verification area of the analysed 
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=
the forecast wind vector
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where the differentiation is approximated by differences computed 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

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. 

Part II: Attachment II.7, Table F, section III (Standard Verification Measures of EPS), renamed as section II, shall be amended to read:

[…]

Probabilities

Probabilistic scores (excluding the CRPS) are exchanged in the form of reliability tables. Details of the format of the exchange of verification data are provided on the website of the Lead Centre for verification of EPS.

List of parameters

[…]

Observations for EPS verification should be based on the GCOS list of surface network (GSN).  Verification of precipitation may alternatively be against a proxy analysis i.e. short range forecast from the control or high-resolution deterministic forecast, e.g. 12-36h forecast to avoid spin-up problems.
[…]

Scores

Brier Skill Score (with respect to climatology) (see definition below*)

Relative Operating Characteristic (ROC)

Relative economic value (C/L) diagrams

Reliability diagrams with frequency distribution

Continuous Rank Probability Score (CRPS)

NOTES: Annual and seasonal averages of the Brier Skill Score at 24, 72, 120, 168 and 240 hours for Z500 and T850 should be included in the yearly Technical Progress Report on the Global Data-processing and Forecasting System.


In the case of CRPS, centres are encouraged to submit this for both EPS and the deterministic (control and high-resolution) forecast as well - CRPS for deterministic forecast is equal to the mean absolute error.  
In Part II, add new Attachment II.14 as follows: 

ATTACHMENT II.14

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.
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