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Summary and purpose of document

This document provides the relevant references on EPS in the WMO Manual on the Global Data Processing and Forecasting System (WMO-No. 485, Vol. I, Global Aspects), and related matters which were raised at CBS-XIV (2009). 
Action Proposed  

The meeting is invited to review the information provided, and recommend suitable actions, revisions and updates, as appropriate.    
Manual on the Global Data Processing and Forecasting System (GDPFS) 
1.
The Manual of the GDPFS (WMO-No. 485, Vol. I, Global Aspects, Edition 1992) includes the following sections that specifically address standards for Ensemble Prediction Systems (last update Supplement 11 (2007)), and excluding those that fall under Long-Range Forecasts (LRF):  

Part I - Organization and Functions of the GDPFS

- parag. 2.1

Real-time functions of the GDPFS shall include

… … 

 (d) Preparation of ensemble prediction system (EPS) products;  

- parag. 4.1.1 

These (WMCs) shall consist of centres applying sophisticated high-resolution global NWP models (including ensemble prediction system) and preparing for distribution to Members and other GDPFS centres the following prducts: (a) to (c). 


Part II - Data Processing and Forecasting Aspects 
- parag. 1.1.1 Real-time products and services for middle latitudes and sub-tropical areas 

… the GDPFS should provide the following products derived from deterministic and ensemble NWP systems and services in real time: (a) to (h).  
- parag. 1.1.2  Real-time products and services for tropical areas 

… the GDPFS should provide the following products from deterministic and ensemble NWP systems and services in real-time: (a) to (h).  
- parag. 1.3.1.1 (1.3.1  WMC responsibilities / Output products) 

… Each WMC applying sophisticated high-resolution global NWP models including ensemble prediction systems should prepare for distribution to Members and other GDPFS centres the following products, based on the list in paragraphs 1.1 to 1.1.3 above: (a) to (d).  

Appendix II-6 - Overall list of output products required for international exchange from the GDPFS Centres 

- parag. 4.1 Ensemble prediction system products (4.1.1 - Products for short range and medium range; 4.1.2 - Products for extended range) 

(Please see Annex.)  

Attachment II.7 Table F - Factors and methods used in standardized verification of NWP products

- Section III - Standard verification measures of EPS 


(Please see Annex.) 
Matters arising from CBS-XIV (2009) related to the Manual on the GDPFS 

2.
The CBS-XIV (2009) adopted the following text in its general summary, after discussion regarding the future of the Manual on the GDPFS:

The Manual on the GDPFS and its future evolution
6.3.49
The Commission considered the status of the Manual on the GDPFS (WMO-No. 485 Vols I and II).  Volume I had been issued in 1992 and had most recently been amended in November 2007 (i.e., Supplement 11).  For Volume II, there was an amendment (2003, Supplement 2); otherwise, it had not been updated since it was issued in 1992. 

6.3.50
The Commission noted that many sections of material (especially the Attachments and Appendices) dealt in detail with procedures relating to analysis and forecasting, transmission of products and data management that had been superceded. 

6.3.51
The Commission also noted that Volume I of the Manual (Global Aspects) forms part of the Technical Regulations and is referred to as Annex IV to the Technical Regulations and as such the Commission has been requested by Congress (Resolution 32 of Cg-XV) to review such publications according to quality management principles to ensure their suitability as part of the WMO Quality Management Framework. 

6.3.52
The Commission also recognized that there were fundamental changes under way on other parts of the Basic Systems, including the development of WIGOS and WIS. It decided that along with any review and update of the Manual on the GDPFS there should also be work done on the future evolution of the GDPFS taking into account the WIGOS, WIS, experiences from Severe Weather Forecasting Demonstration Projects, and anticipated results from THORPEX-TIGGE, including research and development into a Global Interactive Forecast System.  

6.3.53
Noting the urgency of the requirement to update the Manual on the GDPFS, the Commission agreed that a comprehensive review of the Manual be undertaken and requested the OPAG on DPFS to conduct such a review with assistance from the Secretariat.  The Commission also recommended that best use of modern technologies be made to ensure that a revised Manual on the GDPFS is easily maintained and welcomed the offer made by the United Kingdom to facilitate this process.
6.3.54
With regard to Volume I, the Commission noted that Appendix I-1 listed 25 RSMCs with geographical specialization.  However, the Manual provided no definition of the geographical area covered by each RSMC, other than a related reference to zones of responsibility, listed by countries, in the Annex to Appendix I-5 with respect to backup services by 22 RSMCs to UN Humanitarian Missions.  The Commission requested that the OPAG on DPFS investigate the possibility of specifying more precisely the area of responsibility of each RSMC, for consideration by the next session of CBS.

6.3.55
The Commission noted that Volume I of the Manual on the GDPFS does not provide guidelines for reviewing the status of RSMCs with activity specialization.  However, RSMCs with activity specialization in Atmospheric Transport Modelling and Global Producing Centres for Long-range Forecasts have established procedures for monitoring, and providing information, on ongoing compliance.  The Commission requested the OPAG on DPFS to consider generalization of these principles to RSMCs with other types of activity specialization.
6.3.56
With regard to Volume II (Regional Aspects), the Commission noted that many sections of material were out of date.  For instance, there were references to archiving and exchanging data on nine track magnetic tape and microfilm, outdated references to products produced under the World Area Forecast System, and requirements for superseded products including nephanalyses. The Commission discussed the need for Volume II of the Manual on the GDPFS and asked the OPAG on DPFS to develop a proposal for EC which would see Volume II be withdrawn with some material consolidated into Volume I and some material discontinued.  
Annex – Excepts from the Manual on the GDPFS relevant to EPS
Manual on the GDPFS, Appendix II-6, parag. 4.1 Ensemble prediction system products
4.1 Ensemble prediction system products

4.1.1
Products for short range and medium range

(a) 
GLOBAL PRODUCTS FOR ROUTINE DISSEMINATION


(Period for all fields: forecast D+0 to D+10 (12-hour intervals) at highest resolution possible)


Probabilities of:

(i) 
Precipitation exceeding thresholds 1, 5, 10, 25 and 50 mm/24 hours

(ii) 
10 m sustained wind and gusts exceeding thresholds 10, 15 and 25 m s–1

(iii) 
T850 anomalies with thresholds -4, -8, +4 and +8 K with respect to a reanalysis climatology specified by the producing Centre

Ensemble mean (EM) + spread (standard deviation) of Z500, PMSL, Z1000, vector wind at 850 and 250 hPa Tropical storm tracks (lat/long locations from EPS members)

(b) MODEL FIELDS

Full set or subset of EPS members’ variables and levels for requesting WMO Members for specific applications.

(c) OTHER GRAPHICAL PRODUCTS

Location-specific time series of temperature, precipitation, wind speed, depicting the most likely solution and an estimation of uncertainty (“EPSgrams”). The definition, method of calculation and the locations should be documented.

4.1.2 Products for extended range

ENSEMBLE MEANS ANOMALIES/SPREAD

One-week averages and the monthly mean (all anomalies with respect to model climate):

Tropical SST

Standard ENSO/indices

Z500 and Z1000, precipitation, T850 and surface temperature

Probabilities:

Terciles: above, below, normal (with respect to model climate)

Precipitation

Z500

Z1000

T850 and surface temperature

Model fields:

(a)
Full set or subset of EPS members’ variables and levels for requesting WMO Members for specific applications.

(b)
Relevant post-processed fields from sequence of daily output (e.g. indices of monsoon onset, droughts, tropical storm activity, extratropical storm track activity)

(c)
Extended-range forecasts (levels and parameters as appropriate with 5-, 10-, 15- or 30-day mean values as applicable)
Manual on the GDPFS, Attachment II.7 Table F - Factors and methods used in standardized verification of NWP products, Section III - Standard verification measures of EPS 

III – STANDARD VERIFICATION MEASURES OF EPS

EXCHANGE OF SCORES

Monthly exchanges:

Ensemble mean

For verification of ensemble mean, the specifications in this table of the attachment for variables, levels, areas and verifications should be used.

Spread

Standard deviation of the ensemble averaged over the same regions and variables as used for the ensemble mean.

Probabilities

Probabilistic scores are exchanged in the form of reliability tables. Details of the format of the reliability tables are provided on the website of the Lead Centre for verification of EPS.

List of parameters

PMSL anomaly ± 1, ± 1.5, ± 2 standard deviation with respect to a centre-specified climatology

Verified for areas defined for verification against analysis

Z500 with thresholds as for PMSL. Verified for areas defined for verification against analysis

850 hPa wind speed with thresholds of 10, 15, 25 m s–1. Verified for areas defined for verification against analysis

850 hPa u and v wind components with thresholds of 10th, 25th, 75th and 90th percentile points with respect to a centre-specified climatology. Verified for areas defined for verification against analysis

250 hPa u and v wind components with thresholds of 10th, 25th, 75th and 90th percentile points with respect to a centre-specified climatology. Verified for areas defined for verification against analysis

T850 anomalies with thresholds ± 1, ± 1.5, ± 2 standard deviation with respect to a centre-specified climatology. Verified for areas defined for verification against analysis

Precipitation with thresholds 1, 5, 10, and 25 mm/24 hours every 24 hours verified over areas defined for deterministic forecast verification against observations

Observations for EPS verification should be based on the GCOS list of surface network (GSN).

NOTE: Where thresholds are defined with respect to climatology, the daily climate should be estimated.

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

NOTE: 
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.

_________________________
* The Brier Score (BS) is most commonly used for assessing the accuracy of binary (two-category) probability forecasts. The Brier Score is defined as:
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where the observations Oij are binary (0 or 1) and N is the verification sample size. The Brier Score has a range from 0 to 1 and is negatively-oriented. Lower scores represent higher accuracy.

The Brier Skill Score (BSS) is in the usual skill score format, and may be defined by:
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where C refers to climatology and F refers to the forecast.
