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Summary and purpose of the document

This document presents the conclusions and recommendations of the last Workshop on Lead Centre for LRF MME (LC-LRFMME) in Busan in September 2007. 

ACTION PROPOSED

The meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the exchange of ensemble products, development of multi-model ensembles and official establishment of a Lead Centre for LRFMME.

References:

· Report of Workshop of Global Producers of Long Range Forecasts (GPCs) - Busan, Republic of Korea, 18 - 20 September 2007

· Document 4-5(1): Recommendations to CBS LC-LRFMME, and appropriate updates to the WMO Manual on GDPFS.

WHY A LEAD-CENTRE FOR LONG-RANGE FORECAST MULTI-MODEL ENSEMBLE (LC-LRFMME) PREDICTION?
BACKGROUND
1. A Workshop of Global Producers of Long Range Forecasts (GPCs) was held, at the kind invitation and support of the Republic of Korea, in Busan from 18 to 20 September 2007.  Twelve participants representing the nine GPCs and Moscow as future new GPC attended the workshop.  The workshop reviewed the status of development for Lead Centre for Long Range Forecast Multi-Model Ensemble prediction (LC-LRFMME), refined the needs for and functions of LC-LRFMME and proposed recommendations related to LC-LRFMME tasks and GPCs role for LRFMME production and access/distribution of products.  

2. At the workshop the WMO representative gave a presentation placing the production of LRF in the context of the Global Data Processing and Forecasting System of the World Weather Watch and the recommendations and statements made by the Commission for Basic Systems in its Extraordinary session of 2006 (CBS-Ext.(06)) and the Fifteenth Session of WMO Congress (Cg-XV); those are recalled below.

CBS EXT. 06 STATEMENT ON LONG-RANGE FORECAST MULTI-MODEL ENSEMBLE

The Commission agreed the use of multi‑model ensembles (MME) for long-range forecasting (LRF) is worthwhile since:

· MMEs provide the opportunity for improved reliability over that available from single model ensembles alone;

· MMEs provide the opportunity to estimate uncertainties in LRF, and to particularly identify limitations of LRF;

· MMEs provide a means to a “confidence builder” in the area of LRF; and

· Larger improvements in skill can be achieved from the use of MMEs.  

The Commission agreed that some GPCs of LRF could serve as collectors of global LRF data to build MMEs.  Such centres could perform the following functions:

· Collect global hindcasts and forecasts from participating GPCs and make them available to other GPCs, Regional Climate Centres (RCC) and NMHSs, as registered users (with password protected access);

· Promote the exchange of research and experience on MME, and provide documentation on MME;

· Work at the establishment of standards for MME products; 

· Provide a repository of different MME techniques for the generation of MME in support of GPCs and RCCs; and

· Provide display of GPCs forecasts in a common format based on agreed standards, to RCCs, NMCs and GPCs, with password protected access. 

CONGRESS XV STAEMENT ABOUT LONG-RANGE FORECAST MULTI-MODEL ENSEMBLE

Given the anticipated improvements in skill of LRF by using a multi-model ensembles (MME) approach, Cg-XV agreed that some GPCs of LRF could serve as collectors of global LRF data to build MMEs, and requested standards for MME products be developed.  Cg-XV noted that ECMWF is already disseminating MME products based on U. K. Met. Office, Météo-France and ECMWF LRF model output (EUROSIP) and that GPC Seoul and GPC Washington have agreed to explore the use of MME for LRF.

WORKSHOP PURPOSE
3. The workshop participants before considering the functions of a new centre serving as collector of global LRF data to build MMEs, agreed to use for it the name “Lead Centre for Long Range Forecast Multi-Model Ensemble prediction (LC-LRFMME)”.  Then the main objectives of this workshop were considered:

-
Review the status of development for Lead Centre for Long Range Forecast Multi-Model Ensemble prediction (LC-LRFMME)

-
Refine needs for and functions of LC-LRFMME

-
Propose recommendations related to LC-LRFMME tasks and GPCs role for LRFMME production and access/distribution of products.

ACTIVITIES TOWARDS A JOINT LEAD CENTRE FOR LONG-RANGE FORECAST (LRF) MULTI-MODEL ENSEMBLE (MME) PREDICTION:

3.1
Dr. Won-Tae Yun, the representative of GPC Seoul presented a report of the activities of the centre in the perspective of the implementation of a Lead Centre for LRFMME.

3.1.1
Current status of LRFMME and needs of LC-LRFMME

Current Ensemble Prediction Systems mostly use a single model with a set of perturbed initial conditions to take account of the analysis uncertainty.  This approach essentially ignores uncertainties in the formulation of the forecast model and assumes that forecast uncertainty is due only to initial condition errors.  Different models generally have different formulations (and very different biases).  MME systems use essentially a statistical combination (weighted by past performance) of the forecasts of different models to take account of uncertainties due to model formulation and thereby obtain, in general, a more reliable forecast than from a single ensemble.  


Many operational GPCs have different methods, skills, data formats, display graphics formats, issuing times, initial conditions, boundary conditions, and integration methods.  Similar to the role of the Lead Centre of Standardized Verification System (SVS) for LRF, the Lead Centre for LRFMME is needed, to act as a coordinator of GPCs in LRF data production.  MME techniques improve reliability over that available from single model ensemble alone.  When GPCs’ products are combined by the Lead Centre for LRFMME, the uncertainties associated with seasonal and long-range predictions will be better estimated.  

3.1.2
Implications for Regional Climate Centres RCCs
It would ease the Regional Climate Centres (RCCs) tasks if GPCs could converge in forecast formats, issuance times, etc.  Clear guidelines would be required for this, and to outline the roles and the responsibilities of GPCs with respect to RCCs.  Also the establishment of a clearing house for all available GPC products would help efficient transfer of forecast data to RCCs. 

3.1.3
Goal and functions of Lead Centre for LRFMME
The Lead Centre for LRFMME will have as its main goal the pooling and sharing of GPCs forecast information in order to increase the reliability of LRF.  Future roles of the Lead Centre for LRFMME under the framework of WMO will be development of MME techniques and exchange of GPCs LRF products.  

GENERAL DISCUSSION

4.
The workshop participants considered the functions of the Lead-Centre for LRFMME and proposed phases in the development of its activities.  They considered a schedule of activities, phases, tests and pilot exchanges.  The participants also considered the format of the LC-LRFMME products, how to make these products available to users, and how to manage access to the products and data exchange (e.g. passwords and rules for their attribution). 

Revised functions of the Lead Centre:

4.1
The tasks of the Lead centre were reviewed and there was a consensus to refine the list of functions of the Lead Centre for LRFMME as defined in detail in Doc. 4-5(1).

4.2
Possible Phases/Milestones:


The GPCs proposed a phased approach in the development of the activities of the Lead Centre for LRFMME and they were agreed as follows:

•Phase 0:
The Lead Centre maintains a repository of GPC forecast system configurations 

•Phase 1:
GPCs provide data for predicted anomalies for selected variables (Nino indices; surface temperature; precipitation) on a monthly basis.  The Lead Centre generates forecast plots for all GPCs and displays them in a common format on a website (with password protected access only for GPCs, RCCs and NMCs):

–These plots will be additional information/tools for GPCs to produce their final product

–LC-LRFMME could also provide plots for special requests (e.g. from RCOFs)

–LC-LRFMME could also display simple plots conveying the degree of consistency among the GPC forecasts

•Phase 2:  GPCs provide hindcasts and real-time forecasts (raw data)

–Anomalies for individual GPC forecasts will be computed at the LC-LRFMME and displayed in a common format (using e.g. common hindcast calibration periods)

–The LC-LRFMME could also compute anomalies based on various well established MME schemes (eg. equal weights; skill based regression) and display the MME forecasts in the same common format as used for the GPC forecasts.  As for the Phase 1, these plots become additional information/forecast tools for GPCs, RCCs and NMCs to produce their final product

–The LC-LRFMME will compute consistent SVSLRF skill estimates for MME products generated by LC-LRFMME and provide them to the Lead Centre for SVSLRF

–If agreed upon, other GPCs could access the digital data and produce their own final (in-house) guidance.  This data could be distributed by the Lead Centre on a common grid/format.

•For both Phase 1 and Phase 2
–Any distribution of GPC digital data will depend on predetermined agreement with the relevant GPC

-Only basic graphical products (e.g probabilities for tercile categories) will be displayed, using data products equivalent to essential products (as defined in Manual on GDPFS (Appendix II.6))

-Graphical forecast products displayed will be accompanied by caveats stating that they are not official WMO forecasts, nor do they represent the final official forecast for any country or region as produced by the NMS or RCC for that country or region.   

•Advantages of Phase 1 & 2:

–Users will have access to different forecasts to create their own final forecast guidance
–GPCs will have assessments of the strengths and deficiencies of their own models, providing input/motivation to model developers

–Promotes further development of MME techniques

–There will be increased cooperation between GPCs on LRF

–The data sets from all different hindcasts will be a great asset for applied research (e.g., predictability; atmospheric response to different boundary conditions)

The workshop participants also recommended that the CBS ET-ELRF should act as the advisory body for the functions of the Lead Centre for LRFMME.

4.3
After discussions, the workshop reached a consensus and recommended schemes for:

THE EXCHANGE OF PRODUCTS: 
–The products to be collected by LC-LRFMME (parameters, levels, anomalies, probabilities, etc….)

–Format of the products to be collected by LC-LRFMME (standard, volume, etc…)

–Mean of exchange (Internet, ftp, CD?…) and frequency, time of exchange

–Data period (Hindcasts/Forecasts) 

THE STANDARDIZATION OF VISUALIZATION

F1 Diagrams to be produced with standard regions

F2 Diagrams to be produced with time-average

F3 Format of the diagrams in horizontal map

A POLICY FOR ACCESS TO LC-LRFMME DATA AND PRODUCTS
4.4
A first synthesis of the conclusions of the sub-groups to be submitted to CBS XIV as updates to the WMO Manual on GDPFS are found in document 4.5(1).  All the workshop participants reviewed them in plenary and agreed to pass them as recommendations to be examined by this ET on ELRF, with a view to their approval by the next CBS.  
COMMITMENT

5.
KMA and NCEP repeated their will to develop a joint Lead Centre for LRFMME.

6.
Precisions for Phase 1:
It was proposed to clarify Phase 1 activities as follows:

a)
GPCs provide their monthly mean anomaly forecasts to the Lead Center on a monthly basis and LC-LRFMME will be responsible for displaying them.

b)
GPCs will submit data for monthly means and for individual model runs.
c)
For the next season, forecast anomalies should be provided by the 15th of the month.  For example, for June-July-August seasonal forecast, data should be provided by 15th May.  In case of delay, please inform KMA or NCEP. 

Data exchange protocols:
Following data exchange protocols for achieve goals of Phase 1 are proposed:

a) Variables to be submitted (Z500, T850, MSLP, Precip, T2m, SST)

b) Acceptable data formats (GRIB1; GRIB2)
c) The number of bits of GRIB data in 16-bits
d) The number of grid points should be 144*73 (starting from 90N and 0E)

e) There should be one file with monthly ensemble mean anomaly.  Individual members should also be provided as separate files in the same format as the ensemble mean.  Therefore, if there are “n” members in the forecast, total number of files submitted will be “n+1”
f) File naming conventions. The proposed convention is:
Following naming rule is suggested:
{system_abbreviation}_{yymmIC}_{yymmF1_yymmF2 }_{ens OR runid}.{file type} 
        (Ex.. NCEP_200711_200712_200803.grb1) 

· system abbreviation: name for the model or institution submitting the data (maximum 8 characters)

· yymmIC: year and month when the forecasts are initiated…e.g, 200711 to indicate that forecasts are initiated in November

· yymmF1: year and month for the first forecast month, e.g., 200712

· yymmF2: year and month for the last forecast month, e.g., 200802
· ens_OR_runid:  use “ens” for the ensemble mean file, and run1, run2, run3,…for individual runs

· file type: grb1 for GRIB-1, grb2 for GRIB-2
· The file should contain only 6 necessary parameters in the following order; 500hPa geopotential height (m), 850hPa temperature (K), mean sea level pressure (hPa), total precipitation rate (kg m-2 day-1), surface temperature at 2m(K), sst (sea surface temperature, K).  GPCs that have atmosphere alone forecasts (tier-2) should include the same SST field in each file.

g) Data can be submitted through LC-LRFMME web site (preferred) or via KMA ftp server (especially for hindcasts in phase 2).  Access to the ftp server will be only through registered IP addresses.
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