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Summary and purpose of document
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Action Proposed  

The meeting is invited to review the contents and agree on proposed amendments to the Manual on the GDPFS to be presented to CBS-Ext.(10), in November 2010.   
Reference:
- Manual on the GDPFS (WMO-No. 485)  

GLOBAL DATA-PROCESSING AND FORECASTING SYSTEM (GDPFS)
Proposed Amendments to the Manual on the GDPFS
1.
All expert teams and coordination groups that have met since the fourteenth session of CBS (March/April 2009) have reviewed their relevant parts of the Manual on the GDPFS (WMO-No. 485) and proposed changes or revisions as appropriate.  A compilation of all proposed changes (in track changes) is presented in the Annex. 
2.
The proposed amendments to the Manual on the GDPFS, Volume I, relate to the aspects below: 

· Designation of RSMCs with activity specialization in the provision of atmospheric modelling (for environmental emergency response and/or backtracking): amendments to Part I, Appendix I-1;

· Data provision by RSMCs with activity specialization in the provision of atmospheric modelling (for environmental emergency response and/or backtracking): amendments to Part II, Appendix II-7;

· Designation of Regional Climate Centres (RCCs) and RCC-Networks for climate sensitive areas that fall within the responsibilities of more than one Regional Association (e.g. Polar Regions): amendments to Part II, Appendix II-10;
· Standardized verification of deterministic NWP products: Part II, new Appendix II-12;
· EPS verification requirements: amendments to Part II, Attachment II.7;

· Standardized Verification System for Long-Range Forecasting, taking into consideration the establishment of RCC and RCC-Network: amendments to Part II, Attachment II.8;

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

ANNEX
PROPOSED AMENDMENTS TO THE MANUAL ON THE GDPFS RELATED TO LONG-RANGE FORECASTS, VOLUME I, (WMO-No. 485)

(Updates to the Manual on Global Data Processing and Forecasting System are in shaded text and deleted parts are crossed out)
Part I: Appendix I-1, section 3 (The RSMCs with activity specialization are the following:), add “RSMC Vienna (backtracking only)” to the list of RSMCs with activity specialization in the provision of atmospheric modelling (for environmental emergency response and/or backtracking), as follows:
3.
The RSMCs with activity specialization are the following:

[…]
Provision of atmospheric transport modelling (for environmental emergency response and/or backtracking)

RSMC Beijing

RSMC Exeter

RSMC Melbourne

RSMC Montreal

RSMC Obninsk

RSMC Offenbach (backtracking only)

RSMC Tokyo

RSMC Toulouse

RSMC Vienna (backtracking only)
RSMC Washington
Part II: Appendix II-7, section 2 (Basic set of products) shall be amended to read:
2. Basic set of products

Five Seven maps consisting of:
(a) Three-dimensional trajectories starting at 500, 1 500 and 3 000 m above the ground, with particle locations at six-hour intervals (main synoptic hours up to the end of the dispersion model forecast);

(b) Time-integrated airborne concentrations within the layer 500 m above the ground, in Bq s m–3 for each of the three forecast periods;

(c) Total deposition (wet + dry) in Bq m–2 from the release time to the end of each of the three forecast periods the dispersion model forecast.

Part II: Appendix II-7, section 5 (General rules for displaying results), paragraph 4 (Specific guidelines for concentration and deposition maps:), item (a) shall be amended to read:
5.
General rules for displaying results

[…]
Specific guidelines for concentration and deposition maps:

(a) Adopt a maximum of four concentration/deposition contours corresponding to powers of 10 with minimum values not less than 10‑20 Bq s m-3 for time-integrated airborne concentrations and not less than 10‑20 Bq m-2 for total deposition;

Part II: Appendix II-7, section 5 (General rules for displaying results), paragraph 4 (Specific guidelines for concentration and deposition maps:), insert new items (b) and (c) after item (a), and rename existing items (b) to (f) as items (d) to (h).  The new paragraphs shall read as follows:
(b) For a particular set of time-integrated airborne concentrations maps, use the same colour for a specific contour interval. Therefore additional colours will be used on consecutive maps (e.g. t+48 hours and t+72 hours) as different concentration values become applicable; 

(c) For a particular set of total deposition maps, use the same colour for a specific contour interval. Therefore additional colours will be used on consecutive maps (e.g. t+48 hours and t+72 hours) as different total deposition values become applicable;
Part II: Appendix II-10 (Designation and mandatory functions of Regional Climate Centres (RCCs) and RCC-Networks), insert a new paragraph after paragraph 1, and rename paragraphs 2 and 3 as paragraphs 3 and 4.  The new paragraph shall read as follows:
2.
WMO RCCs or WMO RCC-Networks might be established, by request of the Regional Associations concerned, for climate-sensitive areas that fall within the responsibilities of more than one Regional Association (e.g. Polar Regions). 
Part II: Attachment II.7, 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); and rename section III (Standard Verification Measures of EPS) as section II.  The new section I shall read as follows:

I – STANDIRDIZED 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 


[image: image1.wmf]å

=

-

=

n

i

i

v

f

i

x

x

w

M

1

)

(


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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Where: 



[image: image10.wmf]f

x


=
the forecast value of the parameter in question


[image: image11.wmf]v

x


=
the corresponding verifying value


[image: image12.wmf]c

x


=
the climatological value of the parameter


[image: image13.wmf]n


=
the number of grid points or observations in the verification area


[image: image14.wmf]c

f

M

,


=
the mean value over the verification area of the forecast 

                                     anomalies from climate


[image: image15.wmf]c

v

M

,


=
the mean value over the verification area of the analysed 

                                     anomalies from climate


[image: image16.wmf]f

V

r


=
the forecast wind vector


[image: image17.wmf]g

e


=

[image: image18.wmf](

)

(

)

þ

ý

ü

î

í

ì

-

¶

¶

+

-

¶

¶

v

f

v

f

x

x

y

x

x

x



[image: image19.wmf]L

G


=

[image: image20.wmf]÷

÷

ø

ö

ç

ç

è

æ

¶

¶

¶

¶

+

÷

÷

ø

ö

ç

ç

è

æ

¶

¶

¶

¶

y

x

y

x

x

x

x

x

v

f

v

f

,

max

,

max


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

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. 

Part II: Attachment II.7, 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 reliability tables 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. 
Part II: Attachment II.8, Executive Summary shall be amended to read:

[…]

1.1
Diagnostics.  The SVS includes Information required incorporates derived diagnostic measures and contingency tables.  Estimates of the statistical significance of the scores achieved are also required included.  Additional diagnostic measures are suggested but are not incorporated into the Core SVS as yet.  Use of the additional diagnostics is optional.
1.2
Parameters.  Key variables and regions are proposed.  However producers are not limited to these key parameters, thus all producers can contribute regardless of the structure of individual forecast systems.  The parameters to be verified are defined on three levels. Levels 1 and 2 define the core SVS and are mandatory for GPCs.:

Level 1: Diagnostic measures aggregated over regions and for indices


Level 2: Diagnostic measures evaluated at individual grid-points


Level 3: Contingency tables provided for individual grid-points.

[…]
1.4 System details.  Details of of the individual forecast systems employed. 

1.5
Exchange of verification information and the Lead Centres for SVSLRF
The SVSLRF verification results generated by GPCs are made available through a web site maintained by the Lead Centre. The functions of the Lead Centre for SVSLRF include creating and maintaining coordinated Web sites a website for the LRF verification information so that potential users would benefit from a consistent presentation of the results.  The address of the web site is http://www.bom.gov.au/wmo/lrfvs/.

2.
Diagnostics
Three diagnostic measures are incorporated in the Core SVS - Relative Operating Characteristics, reliability diagrams and accompanying measure of sharpness, and Mean Square Skill Scores with associated decomposition.  Estimates of the statistical significance in the diagnostic scores are also included in the Core SVS.  The three diagnostics permit direct intercomparison of results across different predicted variables, geographical regions, forecast ranges, etc.  They may be applied in verification of most forecasts and it is proposed that, except where inappropriate, all three diagnostics are used on all occasions by GPCs.  Tabulated information at grid-point resolution is also part of the core SVS included but is not part of the core SVS.  The tabulated information will may allow reconstruction of scores for user defined areas and calculation of other diagnostic measures such as economic value.

[…]

2.3
Mean Square Skill Score and decomposition.  To be used in verification of deterministic forecasts.  For Level 1, an overall bulk Mean Square Skill Score (MSSS) value is required and will provide a comparison of forecast performance relative to “forecasts” of climatology.  The three terms of the MSSS decomposition provide valuable information on phase errors (through forecast/observation correlation), amplitude errors (through the ratio of the forecast to observed variances) and overall bias.  For Level 2, quantities pertaining to the three decomposition terms should be provided.  Additional terms relating to MSSS are required as form part of the Level 3 information. 
2.4
Contingency tables.  In addition to the derived diagnostic measures contingency table information provided at grid-points for both probability and categorical deterministic forecasts form part of the core SVS.  This information constitutes Level 3 of the exchange SVSLRF and will allow RCCs and NMHSs (and in some cases end-users) to derive ROC, reliability, other probability based diagnostics and scores for categorical deterministic forecasts for user defined geographical areas. 

[…]

3.
Parameters

The key list of parameters in the Core SVS is provided below. Any verification for these key parameters should be assessed using the Core SVS techniques wherever possible. Many long-range forecasts are produced which do not include parameters in the key list (for example, there are numerous empirical systems that predict seasonal rainfall over part of/or over an entire, country). The Core SVS diagnostics should be used to assess these forecasts also, but full details of the predictions will need to be provided.

Forecast can be made using different levels of post-processing typically no-post-processing (raw or uncalibrated), simple correction of systematic errors (calibrated, i.e. calibration of mean and of variance) and more complex correction using hindcast skill (recalibrated, e.g. Model Output Statistics or perfect prog model approaches). Most centres are currently issuing forecasts resulting from a simple calibration and so for sake of comparison on the Lead Centre web site scores for forecasts that were raw or calibrated (as specified in respective skill score section) are to be submitted. At the moment the team prefer to exclude forecast that were recalibrated, but GPCs are encouraged to apply the SVSLRF methodology and to display the results on their recalibrated forecasts on their web site. Forecast producers should conduct verification on the forecast output provided to users (e.g. on the final product after application of post-processing). GPCs should provide verification on the final GPC products (which may include post-processing) to the LC-SVSLRF. In this way forecast verification match the products which are made available by GPCs to RCC and NMHS.
3.1 
Level 1: Diagrams and scores to be produced for regions 

GPCs should supply Ddiagrams (e.g. ROC and reliability curves) are to be supplied in digital format as specified on the Lead Centre for SVSLRF website.

3.1.1
Atmospheric parameters.  Predictions for:

T2m (Screen Temperature) anomalies with standard regions (for GPCs):

[…]
Precipitation anomalies with standard regions (for GPCs):

[…]
[…]

3.1.3
Scores to be used for deterministic forecasts

Mean Square Skill Score (MSSS) with climatology as standard reference forecast.

[…]

3.2
Level 2: Grid point data for mapping

3.2.1 Grid point verification data to be produced for each of the following variables. Verification should be provided on a 2.5°x2.5° grid.


T2m (Screen Temperature)T2m

Precipitation

SST (Sea Surface Temperature)
3.2.2 Verification parameters to be produced for deterministic verification

The necessary parameters for reconstructing the MSSS decomposition, the number of forecast/observation pairs, the MSE of the forecasts and of climatology and the MSSS are all part of the core SVS.  Significance estimates for the correlation, variance, bias, MSE and MSSS terms should also be supplied. 

[…]
3.4.1 Indices to be verified

Verification of Niño3.4 region SST anomalies is mandatory for GPCs. Other indices may be added in due course also be provided.

4.
Staged implementation

In order to ease implementation, producers may stage the provision of the elements of the Core SVS according to the following recommendation.

a) Verification at levels 1 and 2 in the first year of implementation

b) Verification at level 3 by the middle of the year following implementation of levels 1 and 2

c)
Level of significance by the end of the year following implementation of levels 1 and 2.

Part II: Attachment II.8, section 1 (Introduction) shall be amended to read:

The following sections present the detailed specifications for the development of a Standardised Verification System (SVS) for Long-Range Forecasts (LRF) within the framework of a WMO exchange of verification scores.  The SVS for LRF described herein constitutes the basis for long-range forecast evaluation and validation, and for exchange of verification scores.  It will grow evolve and grow as more requirements are adopted.

Part II: Attachment II.8, section 2 (Definitions), item 2.1 (Long-Range Forecasts) shall be amended to read:

[…]
Seasons have been loosely defined in the Northern Hemisphere as December-January-February (DJF) for winter (summer in the Southern Hemisphere), March-April-May (MAM) for spring (Fall in the Southern Hemisphere), June-July-August (JJA) for summer (winter in the Southern Hemisphere) and September-October-November (SON) for Fall (spring in the Southern Hemisphere).  Twelve rolling seasons are also defined e.g. MAM, AMJ, MJJ. In the Tropical areas, seasons may have different definitions. Outlooks over longer periods such as multi-seasonal outlooks or tropical rainy season outlooks may be provided. 

It is recognised that in some countries long-range forecasts are considered to be climate products.

This attachment is mostly concerned with the three-month or 90-day outlooks and the seasonal outlooks.

Part II: Attachment II.8, section 3 (SVS for Long-Range Forecasts) shall be amended to read:

Forecast can be made using different levels of post-processing typically no-post-processing (raw or uncalibrated), simple correction of systematic errors (calibrated, i.e. calibration of mean and of variance) and more complex correction using hindcast skill (recalibrated, e.g. Model Output Statistics or perfect programme prognosis approaches). Forecast producers should conduct verification on the forecast output provided to users (e.g. on the final product after application of post-processing). GPCs should provide verification on the final GPC products (which may include post-processing) to the LC-SVSLRF. Most centres are currently issuing forecasts resulting from a simple calibration and so for sake of comparison on the Lead Centre web site scores for forecasts that were raw or calibrated (as specified in respective skill score section) are to be submitted. At the moment the team prefer to exclude forecast that were recalibrated, but GPCs are encouraged to apply the SVSLRF methodology and to display the results on their recalibrated forecasts on their web site. 

3.1
Parameters to be verified

Verification of the The following parameters is mandatory for GPCs are to be verified:

[…]

c)
Sea Surface Temperature (SST) anomaly

[…]

It is recommended that three levels of verification be done (with level 1 and 2 being mandatory for GPCs):

[…]

3.1.1
Aggregated verification (level 1)

Large scale verification statistics are required in order to evaluate the overall skill of the models LRFs and ultimately for assessing their improvements over time.  These are bulk numbers calculated by aggregating verification scores over all grid points within large regions; they will not necessarily reflect skill for any sub-region. For GPCs, This aggregated verification for the following is performed over three regions is mandatory:

[…]

3.1.2
Grid point verification (level 2)

The grid point verification is recommended for a regionalised assessment of the skill of the model.  The verification latitude/longitude grid is recommended as being 2.5( by 2.5(, with origin at 0(N, 0(E. GPCsVerification should be supply grid point verification ied to the Lead Centre for visual rendering. The formats for supplying derived verification are specified on the Lead Centre website.

[…]

3.1.3
Contingency tables (level 3)
	Level 1 (mandatory for GPCs)

	Parameters (minimum for GPCs)
	Verification regions (minimum for GPCs)
	Deterministic forecasts
	Probabilistic forecasts

	[…]
	
	
	

	
	
	
	

	Level 2 (mandatory for GPCs)

	Parameters
	Verification regions
	Deterministic forecasts
	Probabilistic forecasts

	[…]
	
	
	

	Level 3

	Parameters
	Verification regions
	Deterministic forecasts
	Probabilistic forecasts

	[…]
	
	
	


3.1.4
Summary of the Core SVS

The following gives a summary of parameters, validation regions and diagnostics that form the core SVS. The required periods, lead-times and stratification against the state of ENSO are given in section 3.2.

The number of realisations of LRF is far smaller than in the case of short term numerical weather prediction forecasts. Consequently it is essential as part of the core SVS, to calculate and report error bars and level of significance (see section 3.3.5). 

In order to ease implementation, participating LRF producers may stage the introduction of the core SVS by prioritizing implementation of verification at levels 1 and 2.

Other parameters and indices to be verified as well as other verification scores can be added to the core SVS in future versions. 

In order to handle spatial forecasts, predictions for each point within the verification grid should be treated as having an individual forecasts but with all results combined into the final outcome.  The same approach is applied when verification is done at stations.  Categorical forecast verification can be performed for each category separately.
Similarly, all forecasts are treated as independent and combined together into the final outcome, when verification is done over a long period of time (several 10 or more years, for example). 

Stratification of the verification data is based on forecast period, lead time and verification area.  Stratification by forecast period should, for T2m and precipitation, be by 4 conventional seasons for Level 1. For Levels 2 and &3 stratification should be on 12 rolling seasons (section 2.1) if available, otherwise 4 conventional seasons should be used. Verification results for different seasons should not be mixed.  Stratification by lead-time should include a minimum of two leadtimes, with lead-time not greater than 4 monthsVerification should be provided for all periods and lead times for which forecasts are supplied. Forecasts with different lead times are similarly to be verified separately.  Stratification according to the state of ENSO (where there are sufficient cases) should be as follows:

[…]
3.3
Verification scores

The following verification scores are to be usedThe MSSS and ROC verification skill scores are to be used.: 

1) Mean Square Skill Score (MSSS) 

2) Relative Operating Characteristics (ROC). 

[…]

· MSSS, provided as a single bulk number, is mandatory for level 1 verification in the core SVS. MSSS together with its three term decomposition are also mandatory for level 2 verification in the core SVS. For the exchange of scores via the Lead Centre web site the MSSS and its decomposition term should be calculated using the raw forecasts and preferably not the calibrated ones.
3.3.2
Contingency tables and scores for categorical deterministic forecasts

For two- or three-category deterministic forecasts the core SVSLRF includes full contingency tables, because it is recognized that they constitute the most informative way to evaluate the performance of the forecasts.  These contingency tables then form the basis for several skill scores that are useful for comparisons between different deterministic categorical forecast sets (Gerrity, 1992) and between deterministic and probabilistic categorical forecast sets (Hanssen and Kuipers, 1965) respectively.  

The contingency tables may cover all should be provided for every combinations of parameters, lead times, target months or seasons, and ENSO stratification (when appropriate) at every verification point for both the forecasts and (when appropriate) damped persistence. […]
[…]

Contingency tables such as the one in Table 3 are mandatory for level 3 verification in the core SVS.

[…]

· Contingency tables for deterministic categorical forecasts (such as in Table 3) form part of are mandatory for level 3 verification in the core SVS. These contingency tables can provide the basis for the calculation of several scores and indices such as the Gerrity Skill Score, the LEPSCAT or the scaled Hanssen and Kuipers score and others. 

3.3.3
ROC for probabilistic forecasts

[…]

Hit rate (HR) and false alarm rate (FAR) are calculated for each probability threshold Pn, giving N points on a graph of HR (vertical axis) against FAR (horizontal axis) to form the Relative Operating Characteristics (ROC) curve.  This curve, by definition, must pass through the points (0,0) and (1,1) (for events being predicted only with (100% probabilities (never occurs) and for all probabilities exceeding 0% respectively).  No-skill forecasts are indicated by a diagonal line (where HR=FAR); the further the curve lies towards the upper left-hand corner (where HR=1 and FAR=0) the better 

[…]
· Contingency tables for probabilistic forecasts (such as in Tables 5 and 6) form part of are mandatory for level 3 verification in the core SVS. For GPCs ROC curves and ROC areas are mandatory for level 1 verification in the core SVS while ROC areas only are mandatory for level 2 verification in the core SVS.

3.4
Hindcasts

In contrast to short- and medium-range dynamical Numerical Weather Prediction (NWP) forecasts, LRF are produced relatively few times a year (for example, one forecast for each season or one forecast for the following 90-day period, issued every month).  Therefore the verification sampling for LRF may be limited, possibly to the point where the validity and significance of the verification results may be questionable.  Providing verification for a few seasons or even over a few years only may be misleading and may not give a fair assessment of the skill of any LRF system.  LRF systems should be verified over as long a period as possible in hindcast mode.  Although there are limitations on the availability of verification data sets and in spite of the fact that validating numerical forecast systems in hindcast mode requires large computer resources, the hindcast period should be as long as possible.  The recommended period for the exchange of scores is advertised provided on the Lead Centre web site (http://www.bom.gov.au/wmo/lrfvs/).  

[…]

· Verification results over the hindcast period are mandatory for the exchange of LRF verification scores.  Producing centres have to send new hindcast verification results as soon as when their forecast system is changed.

3.5
Real-time monitoring of forecasts

It is recommended that there be regular monitoring of the real time long range forecasts LRFs. It is acknowledged that this real-time monitoring is neither as rigorous nor as sophisticated as the hindcast verification; nevertheless it is necessary for forecast production and dissemination.  It is also acknowledged that the sample size for this real-time monitoring may be too small to assess the overall skill of the models.  However, it is recommended that the forecast and the observed verification for the previous forecast period be presented in visual format to the extent possible given the restrictions on availability of verification data. 

Real-time monitoring of forecast performance is an activity for the GPCs rather than the Lead Centre LC-SVSLRF. GPCs are free to choose the format and content of real-time monitoring information.

Part II: Attachment II.8, section 4 (Verification data sets) shall be amended to read:

The same data should be used to generate both climatology and verification data sets, although the forecast issuing Centres/Institutes own analyses or reanalyses and subsequent operational analyses may be used when other data are not available these are locally preferred.  

Many LRFs are produced that are applicable to limited or local areas.  It may not be possible to use the data in either the recommended climatology or verification data sets for validation or verification purposes in these cases.  Appropriate data sets should then be used with full details provided.

[…]
Part II: Attachment II.8, section 5 (System Details) shall be amended to read:

Information must be provided on the system being verified. This information should include (but is not restricted to):

1. Whether the forecast system is numerical, empirical or hybrid.

2. Whether the system forecasts is are deterministic or probabilistic

3. Model type and resolution.

4. Ensemble size (if applicable).

[…]

Part II: Attachment II.8, section 6 (Lead Centres for SVSLRF) shall be amended to read:

6.
EXCHANGE OF VERIFICATION INFORMATION AND THE LEAD CENTRES FOR SVSLRF

The WMO Fourteenth Congress endorsed the designation by CBS (Ext. 02) of WMC Melbourne and the Canadian Meteorological Centre Montreal as Co-Lead Centres for verification of long-range and SI forecast activities Congress forecasts.  The co-lead centre functions include creating and maintaining coordinated Web sites for the display of GPC LRF verification information, so that potential users would benefit from a consistent presentation of the results.  The goal is to help the RCCs and NMHSs to have a tool for improving the long-range forecasts delivered to the public.  Congress urged all Members to actively participate in that activity as either users or producers of LRF verification information to assure the use of the best available products.

6.1
Role of lead centre 

6.1.1
Create, develop and maintain web-site (the “SVSLRF web site”) to provide access to the GPC LRF verification information. The address of the web site is http://www.bom.gov.au/wmo/lrfvs/.  The web-site will: 

(i) Provide access to standardized software for calculating scoring information (ROC curves, areas, contingency table scores, hit rates, …).  

(ii) provide consistent graphical displays of the verification results from participating centres GPCs through processing of digital versions of the results; 

(iii) contain relevant documentation and links to the web sites of global-scale producing centres (GPCs);

[…]
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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