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EXECUTIVE SUMMARY


A Workshop of Global Producers of Long Range Forecasts was held, at the kind invitation of the Republic of Korea, in Ramada Plaza Hotel in Jeju Island from 10 to 14 October 2005.  Twenty participants representing operational Long-range Forecast producers and two regional centres attended the workshop.

The purpose of the workshop was explained.  Today there were 14 centres producing operationally global long-range forecasts and this workshop was to be a forum for discussions between GPCs and present users.  The WMO representative said that in his opinion, one of the WMO roles, was to ensure that GPCs’ products were fully used to provide prediction to WMO Members Countries, through their national meteorological services, to contribute to disaster prevention and mitigation (like severe climatic conditions), and to contribute to better social-economic planning that accounts for variable climatic conditions.  One outcome of the workshop should be that the exchange of results for use, verification and expected feedbacks become better organized and more defined.  The verification system would be explained and debated.  The expectations of Regional Climate Centres and National Meteorological Centres would be described and their requirements will be considered.  GPCs should also know how to be prepared for recognition by the WMO Commission for Basic Systems.  It was suggested to the GPCs’representatives attending the workshop that they consider producing a statement of requirements and a document describing their functions, techniques and production to seek recognition as official GPC by the next CBS session planed for October 2006.
Producers (14 Centres) of operational LRF presented their achievements and some described their plans for the near future.  A CD-ROM was produced at the end of the workshop, which contains all the presentations of the participants and some reference documentation.  The Centres expressed their observation data needs and clarify products availability.  The forecasting techniques were explained: 2-tier versus 1- tier, optimum ensemble, multi-ensembles/multi-models, etc...
Two regional centres: New-Dehli and Nairobi presented their activities as examples of direct users of GPC products, and also as generator of LRF using means other than NWP, which, in fact, were efficient statistical models applied on specific regions.

The whole Standard Verification System for Long Range Forecasts was presented and summarized.  Goal, scope and details of the scores exchange were outlined.  Examples of application were presented.  The three level of the exchange were reviewed.  It was stated by the Lead Centre that although they are open to suggestion and modification, the current SVSLRF version was frozen.  The participants agreed the existing system should be implemented.  The web site was nearly operational and the exchange should begin in the following weeks.  The plan for the GPCs, once the exchange has officially started, was to submit Level 1 and 2 the year of the implementation (i.e. 2006).  The level 3 and the level of significance is to be added a year after (i.e. 2007).
The workshop considered also the experiments, which took place and those, which were currently developed for using multi-model ensembles for long-range forecasting.  The lesson provided by the passed DEMETER project were presented.  The ENSEMBLES project was explained and the APEC Climate Centre (APPC) objectives and developments were described. 
The workshop was then divided in four discussion sub-groups.  Four parallel sessions took place, which elaborated a set of recommendations that were debated in plenary.  The Sub-groups and their main recommendations were:

(A) GPCs needs:

· Investigation into the significance of soil moisture evolution on seasonal to interannual prediction.

· Land surface has been demonstrated to have an influence on seasonal to interannual prediction skill – such sets need to be exchanged between GPCs as improved description of the uncertainties in the initial state.

· WMO Resolution 40 – GPCs need clarification on essential and additional data dissemination (essential data may be from list of minimum requirements for GPCs, and additional data may be used for commercial use).

· It is recommended to expedite RCC nominations – they are the main users of GPC products (so that GPCs can know to whom products should be provided).
· Clarification on relative roles of GPCs, RCCs ad NMHSs
(B) Standard Verification System for Long-Range Forecasts (SVSLRF)
· Development of new scores for ensemble
· Development of new scores for multi-model ensembles
· Verification of extremes
· Development of scores to measure skill in the ensemble spread
(C)  Multi-ensembles/multi-models (MME)
· MMEs provide the opportunity for improved reliability over that available from single model ensembles alone.

· MMEs provide the opportunity to estimate uncertainties in LRFs, and to particular identify limitations.
· Participating GPCs appreciate the offer by KMA (Korea Meteorological Administration) to become a Lead Centre for LRF MMEs within the framework of WMO.
(D)  Regional Climate Centres and NMCs needs relative to GPCs products.
The following experimental products are desired by RCCs and NMCs.
· Monthly forecast products

· Onset of rainy season

· Probabilities of above some threshold values ( e.g., seasonal rainfall totals above a range of thresholds)

· Dry and wet spell frequency and duration

· Risk of extreme climate anomalies that may help in warning of e.g. drought or flood, heat and cold waves

· Predicted generalized indices of drought, monsoon etc.
RCCs will need assistance in training from GPCs in the following areas:

· Interpretation and use of GPC LRF products

· Downscaling techniques

· Verification techniques (for local verification of RCC generated products and application outputs)

· Development of local user applications from RCC downscaled products

· Use and implementation of regional models.

Training might take place for attachment of RCC staff to GPCs (for 2-3 months), exchanges of visiting scientists (for 2-3 months), capacity building workshops.
Coordination among GPCs:
· It would ease the RCC tasks if GPCs could converge in forecast formats, issuance times etc.  Also establishment of a clearing house (Lead centre?) for all available GPC products would help efficient transfer of forecast data to RCCs.
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 REPORT OF THE WORKSHOP OF GLOBAL PRODUCERS OF LONG-RANGE FORECASTS

Jeju Island 10-14 October 2005

Opening

1.
A Workshop of Global Producers of Long Range Forecasts was held, at the kind invitation of the Republic of Korea, in Ramada Plaza Hotel in Jeju Island from 10 to 14 October 2005.  Twenty participants representing operational Long-range Forecast producers, and two regional centres attended the workshop (see Annex I).  The programme of the workshop can be found in Annex II.  The workshop was opened Monday 10 October 2005 at 9. a. m. by Dr Byung-Sun Kim, Director General of Climate Bureau of Korea Meteorological Administration (KMA), on behalf of Dr Kyung-Sup Shin, Permanent Representative of the Republic of Korea with WMO.

1.1
Dr Kim welcomed the participants and stressed that there was always a need to move forward in generation, exchange and verification of long-range forecast products.  He wished every effort be undertaken to improve long range forecasting to enable users to have more time to prepare and adapt to severe climatic conditions as well as still permit development of economical growth.  This workshop had to discuss methodology and techniques, data exchange issues, and make proposals for necessary new actions or activities to be implemented.  He also recalled that KMA was hosting the APEC Climate Centre (APCC) and that KMA was fully committed to share information with all the countries to achieve mitigation of effects of all disasters.  He wished a good stay in Jeju for all the participants.

1.2
The WMO Secretariat representative, Mr Joel Martellet, expressed the gratitude and appreciation of the WMO to the Government of the Republic of Korea and its Permanent Representative with WMO, for the kind invitation to host this workshop of Global Producing Centres of Long Range Forecasts (LRF).  He also thanked all the staff of KMA who helped with the planning and arrangement of the excellent facilities for the event, especially Mr Yun-ang Chung, Mr Dong-chul Shin and Miss Eun-jin Choi.  He welcomed all the participants from all over the world and the staff of KMA to this workshop.  He recalled that during its last session (February/March 2005), the Commission for Basic Systems stressed the need to move forward in the generation, exchange and verification of long-range forecast products, among global producing centres of LRF and CBS re-stated that it should be discussed in a workshop.  Almost all GPCs were represented in this workshop and also some regional centres and national meteorological centres.  He said it was most appropriate to hold this workshop in the Republic of Korea, since as GPC and also as host of the APCC centre, the Republic of Korea had special responsibilities and experience in this domain.

1.3
The purpose of the workshop was explained.  Today there were 14 centres producing operationally global long-range forecasts and this workshop was to be a forum for discussions between GPCs and present users.  The WMO representative said that in his opinion, one of the WMO roles, was to ensure that GPCs’ products were fully used to provide prediction to WMO Members Countries, through their national meteorological services, to contribute to disaster prevention and mitigation (like severe climatic conditions), and to contribute to better social-economic planning that accounts for variable climatic conditions.  One outcome of the workshop should be that the exchange of results for use, verification and expected feedbacks become better organized and more defined.  GPCs should also know how to be prepared for recognition by the WMO Commission for Basic Systems.  The GPCs will also express their observation data needs, clarify products availability and refine exchange procedures.  The forecasting techniques will be discussed, if possible, like 2-tier versus 1- tier, optimum ensemble, multi-ensembles/multi-models.  The verification system will be explained and debated.  The expectations of Regional Climate Centres and National Meteorological Centres will be described and their requirements will be considered.  The WMO representative wished the workshop would be useful for the participants, for the World Weather Watch Programme as well as for the Climate Programme.  He wished the participants an excellent stay in the nice Jeju Island. 
CBS statements

2.
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.  One objective of the Global Data Processing System is to make available to WMO Members weather and climate analyses, forecasts and predictions so as to enable them to provide in the most cost-effective way high-quality forecasts, predictions, warning and information services to weather, environmental quality monitoring and climate-sensitive national activities.  Long-range forecasts is a type of product which should be delivered by the Global Data processing System.    Long-range forecasts are from one month to two years.  They also include monthly outlook, three month or 90 day outlook and seasonal outlooks  Fourteen Centres in the World are producing operationally Long-range Forecasts.


In its last session (CBS XIII, March 2005), the Commission recommended that Global Producing Centres (GPCs) for Long-Range Forecasts (LRF) should be officially designated.  That would allow institutions outside of the WWW system that had demonstrated capabilities in LRF production and services on an operational scale to be officially recognized as such.  It would facilitate international cooperation and exchange of products within WMO and those institutions.  It would also contribute to a more credible programme in LRF, under the auspices of the WMO.  For that purpose, a formal minimum list of LRF products to be made available by GPCs had already been endorsed by CBS‑Ext.(02).  The Commission recommended that the minimum list of LRF products be included in Appendix II-6 in the Manual on the GDPFS.  The WMO representative also recalled that the Commission agreed that the procedure for broadening the functions of existing RSMCs and for designation of new RSMCs should be applied to the designation of GPCs for LRF.  In order to be officially recognized as a GPC, the candidate centre must as a minimum adhere to the following criteria:

a) Fixed production cycles and time of issuance;

b) Provide a limited set of products as determined by the revised Appendix II-6 of the Manual on the GDPFS;

c) Provide verifications as per the WMO SVSLRF;

d) Provide up-to-date information on methodology used by the GPC;

e) Make products accessible through the GPC Web site and/or disseminated through the GTS and/or Internet.

It was suggested to the GPCs’representatives attending the workshop that they consider producing a statement of requirements and a document describing their functions, techniques and production to seek recognition as official GPC by the next CBS session planed for October 2006.

PRESENTATIONS BY OPERATIONAL PRODUCERS OF GLOBAL LRF

3.
Every producer of operational LRF presented its achievements and some described their plans for the near future.  The summaries of the presentations given by the centres can be found in Annex III.  The Table below gives a summarized list of main NWP model run by the producing centres.  A CD-ROM was produced at the end of the workshop, which contains all the presentations of the participants and some reference documentation.
LIST OF CENTRES RUNNING OPERATIONALLY LRF NUMERICAL MODELS (14 CENTRES)

REGION I

	CENTRE
	STATUS
	MODELS
	RESOL.
	LEVELS
	RANGE

	PRETORIA
	Geo. RSMC
	GM (COLA) 10 ens. – LAF - Persisted SST
	T30
	L28
	8 months


REGION II

	SEOUL
	NMC
	GM Ens. 20 members, BGM, 2 tiers system
	T106
	L21
	6 months

	BEIJING


	Geo. and Transport Model (T.M.) RSMC
	GM Ens. 8 members LAF coupled
	T63

GT63
	L16

L30
	Season

	TOKYO


	Geo.- T.M. and T.C. RSMC
	GM Ens. 26 members BGM (13 members and LAF on 2 days)
	T106
	40
	34 days

	
	
	GM Ens. 31 members, SV, 2 tiers for SST
	T63
	40
	120/210 days

	
	
	GM Coupled (AGCM/OGCM) Ens. 31 members, SV
	T42
	40
	18 months


REGION III

	LIMA
	NMC
	CCM3 Coupled Ens. 12 members, perturbed SST (from USA)
	T42
	L32
	9 months

	INPE/CPTEC ‑SAO PAULO


	Special Centre
	GM Coupled, Ens. 30 members (Random OP) Fixed and predicted SST
	T62
	28
	6 months


REGION IV

	IRI (USA)
	Special Centre
	Ens. multi-models, over 30 members, LAF
	
	
	6 months

	MONTREAL
	Geo. and T.M. RSMC
	GM Ens. 12 members (24 h LAF, two models)
	1.875°

T32
	50

10
	9 months

	WASHINGTON
	WMC, Geo. RSMC, T.M. RSMC
	Ens. 20 members, (GFS) MOM 3, coupled, LAF
	T62

1/3-1deg.
	64

40
	10 months


REGION V

	MELBOURNE
	Geo. and T.M. RSMC
	Ens. 30 members, GM coupled (POAMA), LAF
	T47
	17
	9 months


REGION VI

	ECMWF
	RSMC for Medium-Range
	GM (IFS) Ens. 40 members OP+StoP, coupled with HOPE , 5 ocean analyses with SST perturbation
	T95
	40
	6 months

	TOULOUSE
	T.M. RSMC
	GM (ARPEGE-Climat) Ens. 41 members – LAF Coupled OPA8.2
	T63
	3131
	129 days

	EXETER
	Geo. and T.M. RSMC
	GM Ens. 41 members, coupled, OI ocean, 40 random OP of SST
	Atm2.5° Ocean: 1.25°
	19

40
	6 months

	MOSCOW 
	WMC, Geo. RSMC
	GM Ens. 10 members
	T42
	15
	1 month

	
	
	GM Ens. 10 members, two-tier, OI ocean, Semi-Lagrangian AGCM. Status: preoperational.
	
	28
	4 months


4.
REGIONAL CENTRES

Two regional centres presented their activities as examples of direct users of GPC products, and also as generator of LRF using means other than NWP, which, in fact, were efficient statistical models applied on specific regions.

4.1
LONG RANGE FORECASTING ACTIVITIES IN INDIA: STATUS AND NEEDS 

By M. Rajeevan

National Climate Centre

India Meteorological Department

Pune- 411 005

Rajeevan61@yahoo.co.in
rajeevan@imdpune.gov.in
India Meteorological Department (IMD) has a long experience of more than 100 years in operational long range forecasting activity. At present, IMD is making use of statistical models for operational seasonal forecasts for southwest monsoon rainfall. Separate forecasts for four broad homogenous regions of India as well as monthly forecast for July are also prepared. These forecasts were proved to be reasonably accurate. Many new experimental statistical models with better performance have been developed recently. These models will be put for operational use in 2006. IMD has a successful story of using statistical models for seasonal forecasts of Indian summer monsoon rainfall, which has become a benchmark for dynamical models
IMD also implemented a dynamical prediction system at National Climate Centre, Pune in 2004. For this purpose, the atmospheric general circulation model (SFM) of Experimental Climate Prediction Centre (ECPC), Scripps Institute was adopted. 23 years of model climatology was prepared with observed SST data. Experimental forecasts for 2005 season were prepared based on this model. IMD also consults the operational products from GPCs for framing seasonal forecasts. IMD had established collaboration with NCEP, USA on sharing their Global LRF products. IMD plans to produce global seasonal forecast products on operational basis by 2006. IMD intends to be a Global Producing Centre of Long Range Forecasts by 2007.

IMD is interested in regional cooperation and is keen to play a key role in generating LRF for the south Asian region. IMD can impart training programs in long range forecasting methods and also help NMHS in the region to develop suitable statistical /dynamical long range products for the region. 

4.2
STATUS OF LONG-RANGE FORECASTING IN THE GHA/KENYA

By James K. Muhindi - Kenya Meteorological Department
P. O. Box 30259 Nairobi, Kenya
History

The Greater Horn of Africa (GHA) region, like many other parts of the tropics, is prone to extreme climate events such as droughts and floods. The Drought Monitoring Centre –DMC-Nairobi was therefore set up in 1989 in an effort to minimize the negative impacts brought about by such extreme climate events and take advantage of the good years. 

Membership

DMCN caters for countries in IGAD and other countries in the Horn of Africa region and thus the name IGAD Climate Prediction and Application Centre - ICPAC.  Member countries are Kenya, Tanzania, Uganda, Rwanda, Burundi, Sudan, Ethiopia, Eritrea, Djibouti &   Somalia.  Out of the 10 countries, 3 namely Tanzania, Rwanda and Burundi are non-members of IGAD.

Objective

The main objective was to contribute to monitoring, prediction, early warning and mitigation of adverse impacts of extreme climatic events on agricultural production and food security, water resources, energy, and health among other socio- economic sectors.  The centre has played an important and useful role in providing the sub-region with weather and climate advisories and more importantly, timely advance warnings on droughts, floods and other extreme climate related events. 
Capacity Building

Long-Range Forecasts for the GHA region are done at the IGAD Climate Prediction and Application Centre - ICPAC, Climate Scientists from the 10 member countries converge at the centre three times in a year to produce Emprical Statistical models and forecasts for each country after which consensus forecast is developed for the region. 

The three main rainfall seasons considered are:  
· March-April-May (MAM) for most of the region except the northern areas

· June-July-August/ June-July-August-September for the northern and western areas  
· September-October-November-December/ October-November-December for mainly the central and western areas of the region. 
It’s worth to note that socio-economic activities depend on the variability (spatial and temporal ) of rainfall within these seasons. 
Weather Generating Systems

Large-scale / synoptic systems:

SST forcing, ITCZ (the rain-bearing system), ENSO, Atmospheric patterns, Sub-tropical High Pressure Systems (Azores/Mediterranean, Arabian, Mascarene and St. Helena) Tropical cyclones, Monsoons, easterly/westerly wave perturbations, QBO, SSTA gradients etc

Meso-scale systems:
Topography, sea/lake and land breezes, vegetation, etc
Methods Used

· Rainfall Data collection (from 1961 to current) for stations with complete data set

· Estimation of missing data using Correlation Method with the help of stations with complete data set.
· The Rainfall Data Quality Control

· Climatic Zoning – Using PCA to demarcate the Country into various homogeneous climatic zones

· Correlation of rainfall with Sea Surface Temperatures

· Regression Analysis – Leading to a regression  model which will enable you to make a forecast

· Check for model skills- validation and cross-validation

· Analogue method – Use of current SSTs evolution in searching for the year which resembles the current year

Means of Disseminating Forecasts

The forecasts are disseminated through Users’ workshops, Climate Outlook Fora, Bulletins (media Houses), Press conferences and Ranet-Kenya (Radio Internet) for Rural areas.

Use of GPCs Products

Various Products from GPCs are taken into consideration before arriving at the final forecast for example:

· Seasonal Forecasts from IRI, Met. Office

· MRF products from NCEP, Meteo-France etc
RCCs/NMHSs Needs

Training on:
- Application and Interpretation of various products from GPCs.

- Downscaling and Verification techniques.

Need for at least 3 months attachments to GPCs eg Met. Office, IRI etc

Need for Computing facilities (Computers etc).  The situation is currently pathetic in most of the GHA countries.
Future Plans

A Climate Prediction Tool (CTP) based on statistical analysis is available at ICPAC and also from IRI website.  It can be used to reduce the current workload involved in developing forecast models.

A super computer already in place at ICPAC is expected to enable Numerical weather Predictions to be done in order to augment the statistical models.

5. STANDARD VERIFICATION SYSTEM FOR LONG RANGE FORECASTS


The whole SVSLRF initiative was presented and summarized (see Annex IV).  Goal, scope and details of the scores exchange were outlined.  Examples of application were presented.  The three level of the exchange were reviewed.  It was stated by the Lead Centre that although they are open to suggestion and modification, the current SVSLRF version is frozen.  The participants agreed the existing system should be implemented.  The web site is nearly operational and the exchange should begin in the following weeks.  The plan for the GPCs, once the exchange has officially started, is to submit Level 1 and 2 the year of the implementation (i.e. 2006).  The level 3 and the level of significance is to be added a year after (i.e. 2007). 

5.1
Canada contribution to the SVSLRF web site

The Canadian Meteorological Centre as a co-Lead Centre with the Australian Bureau of Meteorology will provide software and observed data sets to ease the calculation of scores by the GPCs.  A review of what is currently available on the web site was done.  Subroutines written in FORTRAN 90 are developed to calculate: ROC area with 2 methods (I. Mason fit and the recommended simple Trapezium rule), MSSS and its three-term decomposition, reliability diagrams, Gerrity skill score.  GPCs can get access to that software via a password protected ftp sites.  Documentation as well as simple example programs are included with the subroutines themselves. 

The observed recommended data sets to compare the model forecast were also presented.  The method of interpolation to the recommended grid is linear interpolation.  When passing from a higher resolution to the recommended grid a spatial smoothing is done before the interpolation.  It was discussed that two of the datasets changed source in the process of upgrading (CRU T2m data of New et al. 1999 and 2000 was superceded by the Mitchell et al. 2003 data and the Reynolds and Smith 2004 replaced the Smith et al. 1996 data).  The issue was raised that getting data for an extended period may lead to change in the data set and not just an extension.  It was acknowledged by the audience and the WMO secretariat that the official document Attachment II.8 part of the Manual on GDPS should be as much as possible independent of the data set source.

5.2
Comments on the Standardized Verification System for Long-Range Forecasts

The Commission of Climatology (CCl) Expert Team on Verification has produced a detailed critique of the SVSLRF from the perspective of communicating forecast quality to end users. The SVSLRF was developed under the auspices of the Commission for Basic Systems (CBS), where the focus has been on communicating forecast quality between and to modelers and forecasters.  From the CBS perspective, perhaps the most important objectives of verification are the scientific objectives of:

1. understanding model strengths and weaknesses;

2. comparing models;
3. improving the forecast models 
4. communicating to the forecaster information to assist in making an intelligent combination of various forecast products.
In contrast, the important objective in the context of the CCl is to communicate the appropriate level of confidence that the user can place in the forecasts.  Thus there are different objectives to verification, and although the CBS SVSLRF appropriately focuses on its own set of objectives, it is helpful to be aware of alternative reasons for verification, even if only because the forecasters (the target audience of the SVS) have to communicate forecast quality to the users.  While many of the recommended scores do address questions of interest to the users, it is not always obvious how they do so.  Interpretations of the verification information need to be provided, and/or improvements in the presentation need to be made.
Most users of LRFs request forecasts additional to the parameters listed in the SVS, and it is important that recommendations and considerations be addressed for all forecasts available to the end users.  For example, in cases where the forecast target represents frequencies or the variable has a zero-bound some of the SVS recommendations may be inappropriate.  These issues require clarification.  Appropriate verification procedures should be in place before new forecast products are made available to the forecast users  In addition, there is a need for scores that assess the quality of probabilistic forecasts of continuous variables.  Primary questions are:

1. How accurate is the location of the centre of the distribution?

2. Is there any information in the distribution?

To what extent can the deterministic scores in the SVS address question 1?  It is not obvious that the ensemble mean is always the most appropriate measure of central tendency.  The adequacy of some of the scores for assessing precipitation forecasts needs to be considered.

The SVS discusses a number of verification scores that are based on evaluating a “deterministic” forecast. The CCl report recommends “that probability forecasts be evaluated as such, and that the current focus on the verification of the ensemble mean be discouraged.”

Skill scores are generally considered difficult to understand because they are dimensionless, and attempt to address questions of accuracy and skill simultaneously.  It would be better to have an absolute score for the forecasts, and another for the reference strategy; the units of the original forecast are retained, whereas the skill score is a dimensionless number, which is more difficult to interpret. Indications of frequencies of errors of certain magnitudes are more useful than averaged error statistics.  A table or bar graph showing errors of varying magnitudes would be useful. 

6.
MULTI-MODEL EXPERIMENTS AND PROJECTS
The workshop considered also the experiments, which took place and those, which are currently developed for using multi-model ensembles for long-range forecasting.

6.1 DEMETER lesson

DEMETER is a research project funded by the 5th  FP of the EC, with 11 partners. Its aim was to develop and test, in hind-cast mode, an integrated multi-model ensemble prediction system for seasonal time scales.  The work done within DEMETER was not only a multi-model exercise.  Seasonal hind-casts were also used to assess the skill, reliability and value of end-user predictions. Within this project method for supplying seasonal forecast information to crop and tropical disease models has been developed.  This method consists of running the user (e.g. crop) models using the each individual member of the ensemble as input. With this approach it is possible to transform a probability distribution of an atmospheric parameter to a probability distribution of the parameter relevant to the user (e.g. crop field).  DEMETER officially finished in September 2003.

The main scientific results of this project are:

1. The multi-model ensemble performs better than the single-model ensemble (enhanced reliability).

2. There is a great benefit of involving the end-users to build effective interfaces for applications. 

3. Methodology for calibrating/combining the model output is an area of further research.

Within DEMETER a number of technical issues have been addressed:

1. The importance and need to coordinate data format (e.g. standardized units) and archiving.

2. Data dissemination and plotting facilities.

3. The need to transform the forecast from the global to user scale

4. Implementation of a standard verification system.

5. The need of a suitable hind-cast of integrations to assess the model climate.

A special issue of Tellus (Tellus 57A N3) contains a collection of 21 studies done within the DEMETER project. DEMETER data are freely available, and they can be down loaded at 
http://data.ecmwf.int/data/.

6.2
ENSEMBLES PROJECT

ENSEMBLES: the seasonal to decadal component

By 
Richard Graham, Hadley Centre, Met Office, UK

The ENSEMBLES project is an Integrated Project under the 6th Framework Programme (FP6) of the European Union (EU), coordinated by the Met Office.  The central project theme is the development of ensemble-based probabilistic prediction of climate and its impacts from seasonal to decadal and longer (century) timescales.  The project started on 1st September 2004 and will run for 5 years.  The seasonal to decadal component of ENSEMBLES builds on the FP5 project DEMETER, which demonstrated the superior skill available at seasonal timescales from representation of uncertainties in model formulation through use of a multi-model ensemble comprising 7 European CGCMs. DEMETER also pioneered the integration and testing of user application/impact models with ensemble CGCM output, specifically for crop yield and health applications.

In ENSEMBLES the multi-model methodology will be tested on seasonal, multi-annual and decadal timescales.  A multi-model system will be assembled to run on the ECMWF super computer and will include upgraded versions of the seasonal models used in DEMETER, adapted to run out to decadal timescales.  In addition to other improvements the models will include, for the first time, realistic concentrations of green house gases, solar forcing and (at initialisation time) volcanic dust.  The Met Office DePreSys system, designed specifically for decadal prediction, will also be included in the multi-model.  In addition to the multi-model approach, alternative (or complimentary) techniques for representing model uncertainties will be investigated.  These include stochastic ‘backscatter’ and perturbed parameter schemes.  The stochastic backscatter scheme, which operates throughout the CGCM integration, will allow varied representation of the effects of energy transfer from sub grid-scales back into the large scale flow, leading to ensemble spread and thus to representation of the impact of model uncertainty. The perturbed parameter method generates an ensemble by using perturbed versions of the CGCM physics to generate each member.  The perturbed model versions are constructed by using different settings (from within a plausible range) for a number of tuneable physics parameters.  The perturbed parameter method has been previously developed and used to generate ensemble-based probabilistic predictions of climate change (eg. in the climateprediction.net project). Initial conditions for the ENSEMBLES multi-model will be generated using improved ocean analysis techniques and observation datasets developed as part of the FP5 ENACT project.  Techniques for representing initial condition uncertainty will also be compared.

ENSEMBLES includes many of the applications partners that participated in DEMETER and a number of additional applications areas.  In summary applications investigated on seasonal to decadal timescales will include crop yields (Europe and India), health (malaria transmission), insurance (heating degree days) and weather derivatives.  Downscaled GCM output using regional climate models and statistical methods will be used to drive application models.  Evaluation of CGCM skill and the skill of applications models will build on the experience gained from DEMETER.  A research theme on advancement of understanding of climate processes is an important part of ENSEMBLES and will include investigation of extreme climate events and changes in their frequency under climate change.

6.3 APEC Climate Centre (APCC)
By Dr. Sarat C. Kar    APEC Climate Center, Korea

“The APCC Multi-model Ensemble Seasonal Prediction System”
October 12, 2005. WMO Workshop of GPCs of LRF

The object of APCC is to establish a well-validated multi-model ensemble system (MMES) for short-term climate prediction for minimizing the impact of natural disasters.  The APCC MMES is based on the global models developed at different institutes of several APEC member economies, which have been partially validated in operational climate seasonal forecasts.  Currently, fifteen different models based on a 1-tier or 2-tier approach are participating in the real time multi-model ensemble of APCC multi-model project.  
In the presentation it was highlighted that the MME prediction schemes at the APCC consistently improve the prediction skill compared to individual member models.  The H.K. skill scores for categorical (tercile) predictions show that the skills of predictions for upper and lower terciles are higher than the middle tercile.  In a 5-category prediction, the MME predictions have useful economic vales in extreme categories.  However examination of values and cost-loss ratios suggest that the user sectors for which 3-category predictions are beneficial are different from those of 5-category predictions.  Regional downscaling schemes at the APCC show improved skills for east-Asian monsoon region.

7.
THE WORKSHOP SUB-GROUPS

Four parallel sessions took place with 4 sub-groups, which elaborated a set of recommendations that were debated in plenary.  The Sub-groups and their recommended themes of discussion were:

(A)
GPCs needs: Chair: Dr Willem LANDMAN, South Africa

· Observation data needs




Jean-Pierre CERON

· Products exchange procedures



Dr Tomoaki OSE

· Products availability





Dr Byong-Lyol LEE

· 2-tier versus 1 tier

· Etc…

(B) Standard Verification System for Long-Range Forecasts (SVSLRF) and Lead Centres for VLRF: Chair: Dr Normand GAGNON, Canada

· Development of new scores for ensemble 
Dr Andrew WATKINS

· Development of new scores for multi-model ensembles
Dr Iracema CAVALCANTI

· Standardising methods for defining terciles
Dr Simon MASON

· Verification of extremes

Dr Valentina KHAN

· Etc….


(C)
Multi-ensembles/multi-models: Chair: Dr Won-Tae YUN, Republic of Korea
· The future?
Dr David JONES

· Optimum ensemble
Dr Chris GORDON
· Technical constraints
Dr Arun KUMAR
· Products exchange procedures
Dr Laura FERRANTI
· Etc…
Dr Sarat KAR
(D)
Regional Climate Centres and NMCs needs relative to GPCs products.  



Chair: Dr Madhavan Nair RAJEEVAN, India
· Expected products
Mr James MUHINDI

· Scores availability
Mr Yun-Ang CHUNG
· Expected training,
Ms Gabriela ROSAS
· Etc…
Mr Richard GRAHAM
The reports of the sub-groups, after reviewed in plenary, are listed below and will be considered by the next expert meeting on LRF, which will be held in 2006.

7.1
GROUP A: GPC NEEDS

Data requirements:

· Continue to improve on better global observations of sea temperatures: expanding moored arrays including in Indian Ocean, ARGO and drifting buoys deployment.

· Prediction improvement (general skill globally, not just equatorial Pacific Ocean, but other tropical basins and mid-latitudes).

· Surface and sub-surface data for improved assimilation in ocean models.

· Soil moisture data expansion through remote sensing (e.g. CEOS – www.ceos.org), satellite (e.g. MSG), radars on satellites (e.g. RADASAT).

· Investigation into the significance of soil moisture evolution on seasonal to interannual prediction.

· RCCs should be encouraged to express their needs in relation to GPC products.

Products exchange:

· Land surface has been demonstrated to have an influence on seasonal to interannual prediction skill – such sets need to be exchanged between GPCs as improved description of the uncertainties in the initial state.

· Hindcast data may be made available on CD/DVD to RCCs who do not have the required bandwidth to download large sets for statistical downscaling or tailor-made product development.

· WMO Resolution 40 – GPCs need clarification on essential and additional data dissemination (essential data may be from list of minimum requirements for GPCs, and additional data may be used for commercial use).

· Monthly fields provided to users should have as a minimum simulation skill scores available.

Observation data needs:

· Feedback from users (RCCs) – which fields they require in addition to minimum set for applications modelling (e.g. crop models require daily data, and only certain fields not archived as part of minimum set, for example radiation data).

Product availability:

· Data of minimum list is recommended to also be mirrored as netCDF files.

· A centre may be identified within GPC community to facilitate data (minimum list) exchange and archiving – to have a centre point of data dissemination.

· It is recommended to expedite RCC nominations – they are the main users of GPC products (so that GPCs can know to whom products should be provided).

1- and 2-Tiered LRF Models:

· Should encourage 2-tiered development/improvement in order to provide a solid baseline skill to be exceeded by 1-tiered systems.

· 1-tiered improvement should lead to SST forecast improvement, which in turn can lead to improvement in 2-tiered approaches – parallel improvement should be encouraged.

· Encourage description of different SST states for improvement in description of uncertainties in initial states (larger ensemble possible).

· 2-tiered systems running operationally may be more feasible for GPCs with other responsibilities, e.g. NWP.

Optimal ensemble size:

· Optimal ensemble size question partially answered.

· Maybe we should first determine minimal ensemble size for practical considerations such as ensemble sizes of hindcast runs vs. real-time runs, and ensemble members provided for nesting limited area models.

User interpretation guidance:

· Clarification on relative roles of GPCs, RCCs ad NMHSs.

· RCCs should provide GPCs with feedback from RCC users – evidence of users’ gain derived from GPC products justifies GPC efforts.

· RCC designated individual(s) using GPC products should have some minimum prerequisite background knowledge (training, experience, etc.).

· Description of attributes and shortcomings of GPC products should be provided (e.g. skill).

7.2 GROUP B: SVSLRF

1) Development of new scores for ensemble

We recommend the SVSLRF expert team consider

1.1)  the need for scores for probability on continuous scale (PDF) like

- the Continous Rank Probability Score, CRPS (Hersbach, 2000)

- likelihood based scores such as Ignorance score (Roulston and Smith, 2002)

1.2)  making suggestions on ensemble size and also to start considering error bar on the mean and the standard deviation.  It  should be considered whether we should use curve fit to the pdf when the ensemble is too small (like Kharin and Zwiers, 2001) 

1.3)  the need for score for ensemble clustering

1.4)  the revised Brier skill score (Muller et al. 2005)

1.5)  the need for scores for frequency (ex. tropical cyclone, etc.) and intensity (e.g. extreme) and dates (start of the monsoon).

1.6)  the problem of skewed and zero bound fields like precipitation or wind.

1.7)  the need for strategy to validate fields where spatial location is important (example tropical cyclone path or genesis) with object oriented verification or bivariate Kolmogorov-Smirnov.

2) Development of new scores for multi-model ensembles

We recommend the SVSLRF expert team consider

2.1)  confirmation that we can use the same suite of score for multi-model forecast

2.2)  to make recommendation for ensuring that multi-model skill estimate were obtained using rigorous procedure (e.g. cross-validation) 

2.3)  to comment on the principle of comparing model weights to evaluate performance (not good)

3) Standardising methods for defining terciles
The SVSLRF ET team should consider standard way of defining tercile: 

· Observed count

· 0.43 * standard deviation, etc.

4) Verification of extremes 

We recommend that the SVSLRF expert team

4.1)  should consider problem when sample size are small (e.g. short forecast period eg verification extreme) like if recommendation are needed to calculate error bar on these scores 

4.2)  need to confirm that we can use the same suite of score and consider additional ones like the “extreme dependency score” (Coles et al. 1999). 

4.3)  also consider if the same set of scores is suitable for fields like the Extreme Forecast Index (Lalaurette, 2003)

4.4)  have to decide if the pdf fitting is to be used or not. Although we are not sure if it is in the mandate of the team.

5) Development of scores to measure skill in the ensemble spread
We recommend the SVSLRF expert team to think about scores to identify whether there is useful information in the ensemble distribution including scores for spread/skill relationship. 

6) Standardising verification data sets

We recommend the SVSLRF expert team to: 

6.1)  seek advice to the relevant team or committee to choose one data set (can be CBS WIS ICG). 

6.2)  Score data should be labeled adequately.

6.3)  the list of the data sets should be specified on the web site instead of in the document because of possible relatively frequent changes.

7) Standardising of hindcast period

We recommend the SVSLRF expert team to: 

7.1) revisit to see if an official hindcast period can be chosen.

7.2) state explicitly on the web site the period not in the document in the future.

8) Other comments:

We recommend the SVSLRF expert team to 

· follow what is done in the medium range EPS and try to show consistency between the ETs.

· give more detailed guidelines to calculate significance level measurement.

· Seek advice to the relevant CBS expert team on formal definition on El Nino and La Nina as required by the SVSLRF.

7.3
GROUP C: MULTI-ENSEMBLES/MULTI-MODELS
Future role of MME groups under the framework of WMO

Lead Center for LRF Multi Model Ensemble Predictions

Summary

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

MMEs provide the opportunity to estimate uncertainties in LRFs, and to particular identify limitations.

MMEs provide a means to a “confidence builder” in the area of LRFs.

Participating GPCs believe there is a significant need for a Lead Center for collection of globally available LRF MMEs

Participating GPCs recognize the valuable contributions currently being made by APCC, IRI, ECMWF, and other organizations as a prototype lead centers for LRF.

Participating GPCs recommend that WMO establish procedures and standards for Lead Centers for LRF MMEs.

Participating GPCs appreciate the offer by KMA (Korea Meteorological Administration) to become a Lead Centre for LRF MMEs within the framework of WMO, and recognize the considerable experience KMA possesses in the area of LRF and LRF MME construction.

Definition of Minimum Functions

· Be a global collector of hind-casts and forecasts from GPCs of LRF;

· Provide a global coordinating function for GPCs of LRF;

· Provide support for GPCs, including in the establishment of standards, and documentation of MME products
· Center of excellence in LRF, in advancing science and technology;

· Act as a virtual data store, and clearing house for hind-casts and forecasts to be made available to GPCs, RCCs, and NMHS;

· Provide a repository of different MME techniques for the generation of MME in support of GPCs and RCCs.
· Provide display of different GPC forecasts in a common format.
7.4
GROUP D: REGIONAL CENTRES AND NMCS REQUIREMENTS FROM GPCs

Needs of RCCs and NMCs were considered under the following fields:

1. Forecast Quality

2. Processed products

3. Data Products

4. Scores

5. Training

6. Research and Development

7. GPC coordination

1. Forecast Quality

GPCs should strive to improve LRF skill, focusing on the main forecast parameters required by the RCCs.

2. Processed Products

Forecast maps as currently provided need few changes.  There is higher requirement for data products.  However, data products should be restricted to well establishd and tested output.  Thus website products may be expanded to include new experimental products.  The following experimental products are desired by RCCs and NMCs.
· Monthly forecast products

· Onset of rainy season

· Probabilities of above some threshold values ( e.g., seasonal rainfall totals above a range of thresholds)

· Dry and wet spell frequency and duration

· Risk of extreme climate anomalies that may help in warning of e.g. drought or flood, heat and cold waves

· Predicted generalized indices of drought, monsoon etc.

It is however, recognized that development of these products will require further research by GPCs.

3. Data Products

The obvious requirement of data is for forecast products. However, there may be some observed products that GPCs are in a good position to provide:

· Minimum list as stated in II-6 (CBS 2005)

· Forecast data for downscaling algorithms, This is likely to require at more than monthly mean data, e.g.

A. Statistics on daily variability

B. Anomalies for some or all ensemble members

C. Hindcast data

· Data for Regional Climate Model boundary and initial conditions

· Data for calculating regional specialized indices (drought)

· Observed and predicted global weekly values of SST

· Daily satellite precipitation analysis for use in monitoring through the season

4. Scores Availability

· Scores for minimum list products should be readily available.

· Means of assessing skill for the new products may need special consideration by the expert teams for CBS and CCl on verification

· Scores should be user friendly

5. Training

RCCs will need assistance in training from GPCs in the following areas:

· Interpretation and use of GPC LRF products

· Downscaling techniques

· Verification techniques (for local verification of RCC generated products and application outputs)

· Development of local user applications from RCC downscaled products

· Use and implementation of regional models.

Training might take place for attachment of RCC staff to GPCs (for 2-3 months), exchanges of visiting scientists (for 2-3 months), capacity building workshops.

6. Research and Development

GPCs will need to conduct further research into improving forecast skill and developing new forecast products (as specified above). New products should be developed in close collaboration with scientists from RCCs and NMCs.
7. Coordination among GPCs.

It would ease the RCC tasks if GPCs could converge in forecast formats, issuance times etc.  Also establishment of a clearing house (Lead centre?) for all available GPC products would help efficient transfer of forecast data to RCCs.
8. 
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ANNEX III
3.1
AUSTRALIA – MELBOURNE

Activities as a Global Producing Centre for Long-Range Forecasts.

Long-Range Forecast and Related Products, Capacity Building and Training

WMC Melbourne/Australian Bureau of Meteorology

Submitted by 

David Jones (d.jones@bom.gov.au) & Andrew Watkins

Summary

Australia has made substantial progress in its commitments to become a Global Producing Centre of Long-Range forecasts. A fully coupled (1-tier) system called POAMA (Predictive Ocean Atmosphere Model for Australia) was operationally launched in late 2002. Daily updated 9 month forecasts are produced on a routine schedule. Forecasts for various Nino indices are distributed operationally via the web. An ensemble is formed by taking the 30-most recent model runs.

Direct model forecasts of rainfall and temperature are available from this system, but are not distributed operationally owing to not-insignificant model biases. Further, the operational system does not contain a complete surface assimilation scheme, meaning that memory associated with soil moisture (for example) is not directly incorporated. These gridded data are made available to APCN, and available for use in other multi-model ensemble activities.

Hind-cast verification has been performed for the 1987 to 2001 period. However, the full SVSLRF (particularly levels 2&3) has not been used.

Plans in LRF for the near future 1-3 years, envisage the development of POAMA Version 2, which will include such features as higher resolution, improved physics, and surface assimilation. The goal is to produce robust direct model forecasts of surface variables such as rainfall and temperature. Longer term (3-5 years), the focus is on the development of a new Earth System Simulator – Community Climate Earth System Simulator (ACCES) – incorporating such features as atmospheric chemistry and biophysical feedbacks, and supporting predictions from the short range through climate change.

Operational Long-Range forecast material

· Sea-surface temperature forecasts from the Predictive Ocean Atmosphere Model for Australia (POAMA) coupled atmosphere-ocean general circulation model (version 1).

Daily updated plumes for NINO 1, 2, 3, 3.4 and 4.

Daily updated spaghetti diagrams for Sea Surface Temperature anomalies.

Daily updated histograms of likely anomalies, providing probabilities of warm/neutral/cool conditions in the Pacific.

· 3-month seasonal climate outlook products (Australia only).

Rainfall, maximum and minimum temperatures, analogue years. Distributed through the media/website and printed booklet.

Extensive hindcast verification and forecast validation of all seasonal outlook products.

· South Pacific Seasonal Outlook Reference Material.

A monthly report emailed to Pacific Island NMHSs which represents a collation of Bureau and other seasonal forecast information and background observational material.

· Participation in the Island Climate Update process with NIWA (NZ).

· A survey of 12 international ENSO forecast models.

Prepared operationally. Summary used in media releases, and made available through web.

· Outgoing Long Wave Radiation and intraseasonal predictions based on the MJO. 

A substantial project is underway to unify statically based intraseasonal and seasonal climate forecasting methodologies.

· The ENSO Wrap-up

An operationally produced overview of the status of El Niño/La Niña, based on latest forecasts and observational material

Produced fortnightly, and made available through the web.

All of this information can be accessed at the following two websites:

http://www.bom.gov.au/climate 

http://www.bom.gov.au/bmrc
Experimental Long-Range forecast material available

· Land surface temperature and rainfall fields from the Predictive Ocean Atmosphere Model for Australia (POAMA) coupled atmosphere-ocean general circulation model (version 1).

9-month forecasts updated daily.

Other fields such as heights, pressures, oceanic heat content etc.

Above products in a standard format – netCDF. Can be convert to GRIB etc as needed.

· Extensive hindcast verification results are available and a range of technical and scientific reports have been written. However verification is not to the SVS standard.

· Operationally maintained – 24/7 – but fields not deemed sufficiently accurate for general distribution.

All products are calibrated relative to the model’s climate calculated as a function of lead-time and start month, using hind-casts. The current research website is http://www.bom.gov.au/bmrc/ocean/JAFOOS/POAMA.

Shorter Term Goals: 1-3 years

Launch of Predictive Ocean Atmosphere Model for Australia (POAMA) coupled atmosphere-ocean general circulation model (version 2) offers the possibility of accurate direct model predictions of rainfall/temperature etc. 

· Skill assessment of short-term products as required by WMO and users (eg. ROC scores, % consistent scores etc)

· Forecasts of global atmospheric variables: 2m temperature, precipitation, Z500, MSLP, T850, SOI + NAO indexes, etc

· Down-scaling/statistical correction of POAMA2 output to provide location specific forecasts.

Longer Term Goal:
3-5 years.

Development of the Australian Community Climate Earth System Simulator (ACCESS).  A national approach to climate and environmental prediction for Australia, covering the Bureau of Meteorology, CSIRO, Universities. 

Capacity Building and Training

Pacific Island Climate Prediction Project (PICCP) 

An Australian Bureau of Meteorology – Australian AID (AUSAID) project delivered through partnership with Meteorological Services in Fiji, Tuvalu, Tonga, Samoa, Cook Island, Nuie, Kiribati, Solomon Islands, and Vanuatu. Seen the development of a PC based “down-scaling” tool for delivering tailored Seasonal Climate Outlooks for Pacific Island Countries called SCOPIC (Seasonal Climate Outlooks for Pacific Island Countries). SCOPIC includes verification, historical data analysis, and an automated text generation tool for producing public seasonal outlook statements.

Involved very extensive in-country training, stakeholder workshops, and now stakeholder projects with the Fiji Sugar Industry, Solomon Islands Water Authority, and Media (Vanuatu, Tonga, Cook Islands).

Australia is exploring, in collaboration with other Pacific Basin countries, the various options for implementing a distributed system for providing climate information, including Long-Range forecast material, throughout the Pacific.  These matters are being taken up within the contexts of various bi-laterals and the WMO Regional Climate Centres framework.

Other relevant activities include a Pacific Data Rescue Project, and developing plans to become a southwest Pacific GCOS lead-centre. Negotiations with partners and funding agencies are ongoing.

POAMA Development plans - POAMA-2 

 

Purpose/objectives:
· Improve forecasting of El Niño

· Provide ensemble set of hind-casts

· Preliminary trial rainfall products 

· Preliminary trial intra-seasonal products

Timescale
· Operational mid 2006, large hind-cast set 2006/7 

Ocean model 

· ACOM2 (some retuning to reduce noise in the East Pacific)

Ocean data assimilation 

· Reanalyse 1979-present, fix bugs in forcing and use new ENACT forcing (cures some SST biases)

· Use new ocean data assimilation scheme based on ensemble multi-variate optimum interpolation

· Assimilate salinity data

· Make salinity increments based on temperature data and dynamical adjustment 

· Introduce the direct assimilation of in-situ SST data (optional)

Atmosphere model
· Use new version BAM4

· Increase resolution T63/95L34/60? (increase boundary layer res and lift top of atmosphere into stratosphere) Final vertical and horizontal resolution being finalised 

· Use new physics, SES, EC land surface and boundary layer, new gravity wave etc 

· Tunning/testing presently being done 

Atmospheric initialisation
· Use GASP for real-time

· Use ERA-40 for hind-casts (note: POAMA-1 used AMIP)

Coupler
· OASIS 3.4 (2.4 in POAMA-1)

Land surface
· Use new ECMWF land surface scheme with variable surface parameters (POAMA-1 used bucket model)

· Basic land surface initialisation procedure will be developed Options: (a) AMIP style (b) ERA-40 for hind-casts and GASP in real-time (c) used land-surface model in standalone with observed precipitation and surface forcing. Aiming for option (c) but (a), (b) are fallback positions if resources not found. 

Hind-casts
· 5-10 member ensemble per month over the period 1980-2005, ensembles to be generated by varying the start date of the initial conditions by a day

Real-time forecast system
· As POAMA-1, option to increase ensemble size to around 50. 

Products/output
· Provide range of products for downscaling and user applications, contribution to international projects COPES and to the APCN. Need to ensure output is consistent with international standards - e.g. COORDS compliant, and provide enough data to force regional models. Work on downscaling/bridging as part of SEACI.

3.2
BRAZIL - CPTEC

UPDATED ACTIVITIES ON LONG RANGE CLIMATE FORECAST AT THE BRAZILIAN CENTER FOR WEATHER FORECASTING AND CLIMATE STUDIES (CPTEC/INPE) – 2005 REPORT 

Iracema F.A. Cavalcanti, José A. Marengo,  Helio Camargo

Centro de Previsão de Tempo e Estudos Climáticos (CPTEC)

Instituto Nacional de Pesquisas Espaciais (INPE)
Rodovia Presidente Dutra, km 40, Cachoeira Paulista, São Paulo, 12630-000, Brazil.

http://www.cptec.inpe.br/
The Brazilian Center for Weather Forecasting and Climate Studies (CPTEC) of the National Institute for Space Research (INPE) is a center that has been developing, producing and disseminating real time weather forecasts, as well as seasonal climate forecasts during the last 10 years.  In previous documents prepared to WMO, the basic prediction system and the main Long Range Forecast (LRF) activities were reported. In this workshop, the new implementations at CPTEC referring to Long-Range Forecasts were presented and discussed.  One of the changes in the LRF system was the change of the climatology period.  The climatology of 10 years (1982-1991) was substituted by a 50 years climatology (1951-2001), and became operational in 2004.  The probabilistic forecast is now issued considering 33 years (1965 to 1997) of this 50 years period.  Other changes are related to the improvements in the model and new techniques of model results analysis.  Some changes are still being tested before operational implementation.

The main results for the LRF are obtained from a numerical model, but a statistical model, SIMOC, is also used for prediction in two regions of Brazil, Northeast and Southern Brazil / Uruguay and Northern Argentina.  The current numerical model is the spectral CPTEC/COLA AGCM, with resolution of T62 L28.  The initial conditions for the numerical model are taken from global NCEP analysis of 15 consecutive days.  The model is run with persisted SST as well as predicted SST anomalies for the same 15 initial conditions. 

Climate prediction from the AGCM are issued each month considering one month lead and the forecasting outputs are available up to 6 months.  The seasonal forecast is issued one month before the beginning of the validity period and results are presented for each three month combination during the 6-months forecasts.  The LRF results are expressed in probabilistic as well as in deterministic form.  Deterministic Long-Range Forecasts are presented in maps of anomalies, considering the ensemble mean of all members obtained from the CPTEC AGCM Ensemble Prediction System (EPS).  Precipitation, temperature and geopotential anomaly maps are available at CPTEC homepage (www.cptec.inpe.br) for the globe and also for several regions of the world.  Global potential velocity forecasting field has been incorporated in the routine outputs.  Precipitation and temperature anomalies are also presented in maps with a mask covering regions without statistical significance.  A new product, removing the average bias of the previous 3 forecasts has been prepared in an experimental procedure.  Preliminary results have shown an improvement in the results.

The probabilistic categorical forecasts are prepared as terciles, for South America, considering the period of 1965 to 1997, for precipitation and temperature. Another new product is the time-series of precipitation anomalies for each member, the ensemble mean, the ensemble standard deviation and the observed anomaly, in a specific region, for every 3-months model simulation results from 1951 to 2000.  Then, the results of three-month forecasts are compared, considering the ensemble mean and members anomalies.  This shows how the forecasting for that specific 3-months compares to the past period simulation.  


New maps of correlation anomalies of precipitation were also prepared considering the 1965-1997 period from the 50 years long-run simulation and CRU dataset. Maps of ranking probability skill score (RPSS) for each three-month were also introduced as a new product for verification.  The seasonal prediction has also been performed, in an experimental way, using the AGCM with the Grell ensemble convection scheme, replacing the Kuo scheme.  A new AGCM that has been developed at CPTEC, based on CPTEC/COLA AGCM, but with a different structure of integration, has been tested for climate simulations using resolution of T126L42.  The efficiency of this model is much higher than the operational one, and allow higher resolution runs. Model results with other implementations, as soil moisture and new vegetation fields are still being analyzed. 


Three-months deterministic prediction of precipitation, temperature and geopotential anomalies for different regions of the world (North America, South America, Australia, Europe, Asia, Africa and Global) are available at CPTEC web site (www.cptec.inpe.br).  The probabilistic forecasts are made only for South America, and the consensus categorical forecasts, only for Brazil, indicating probabilities of above the normal/near normal/below the normal rainfall.  The final consensus map is prepared together with the Brazilian National Meteorological Institute (INMET), based on forecasts provided by CPTEC dynamic and statistical models, as well as analyzing numerical seasonal forecasts from other meteorological centers. The seasonal forecasts are available by request and several meteorological services in South America access our products regularly.  


There is a lack of observed data over South America, mainly from radiosondes.  The increase of soundings over the continent would benefit the weather and seasonal forecasts, introducing better initial conditions for the integrations. 


Climate research and applications are in continuous development at CPTEC, and new forecasts products are obtained. New techniques and physical parameterizations in CPTEC AGCM are tested and implemented as part of the operational routine activities, as soon as they are validated.  Efforts are made to improve the seasonal prediction in several parts of the continent through the application of new methods of model results analysis and data assimilation, together with running improved versions of the model.  
3.3
CANADA – MONTREAL - CMC

A review of the current system was presented. It currently consists of a 2 dynamical model ensemble for season 1 (0-3 months) and the statistical scheme CCA for season 2, 3 and 4.  The system will soon be upgraded to a 4 model system once the hindcast with the 4th model will be finished.

 The SVSLRF system was implemented for the first 2 levels.  An example of its application was shown to demonstrate characteristics of one of the new models in comparison with the current operational ones.  The new AGCM3 from the Canadian Climate Centre for modeling and analysis has less bias for temperature than the other two.  It was also shown that it improves clearly the forecast performance of the ensemble (ROC, reliability and economic value were all increased for all season).  One weakness of the MSSS was demonstrated in explaining why the Recherche en prévision numérique GEM has a much better MSSS than the two CCCma AGCMs for temperature prediction.  The cause of this was proven to be its lack of variance, which is much lower than the observed variance (around 0.4).  The ratio of standard deviation term in the MSSS equation is then very low which contributes to increase the MSSS.  A discussion has followed on what quantities should be used to calculate the MSSS: raw uncalibrated seasonal mean, anomaly or normalized anomaly?  The audience generally agree that the 3 terms should be computed with the uncalibrated seasonal mean although the MSSS can be calculated also using anomaly or normalized anomaly.  

The SVSLRF for the 3 levels will be submitted to the Lead centre web site once the hindcast with the 4 models will completed.  The next operational system will make use of 4 models with 10 members each using persisted SST anomaly as major forcing (snow and sea ice are also initialized using observed state).  Future work will involve mainly test of post-processing techniques that can improved upon the direct model output seasonal mean or number counting for the probability.  There is also a project to develop a Canadian coupled model that is beginning.  The French Mercator system will be imported to start the initiative. There is a 5 year plan to develop a model to forecast SST for seasonal forecasting.

3.4
CHINA

Climate information Services on Seasonal to InterannualForecasts in National Climate Centre ofChina Meteorological Administration (NCC/CMA)
Ren Fumin, Zhang Peinqun, Gao Hui, 

Li Qingquan, Ding Yihui

National Climate Center, Beijing 100081, China
I  Introduction
The long-range forecast (now it is called the short-term climate prediction) has been issued officially in China since 1958.  And the national prediction meetings of flooding season (June-July-August) have been organized formally for more than 40 years (Chen and Zhao, 2000).  As the National Climate Center (NCC) has been established in January 1995, the operation of the short-term climate prediction was undertaken by NCC. During the period of the National 9th 5-Yr Plan (1996‑2000), the operational approach for seasonal forecast had made great progress in China especially in dynamical method.  Now, a dynamical model system for seasonal forecast is established preliminarily, which mainly consists of the Global Atmosphere-Ocean Coupled Model for Seasonal Prediction (NCC-CGCM version 1.0), simplified ocean-atmosphere coupled model for interannual variability of ENSO, East Asian Regional Climate Model for Seasonal Prediction on higher resolution, and oceanic data assimilation system.  And it is applied as a major operational approach, as well as the other two approaches: based on empirical and statistical techniques, and that based on physical and conceptual models of predominating physical factors and strong precursory signs (Chen et al., 2000a).  Currently, in NCC the global climate monitoring and prediction information doesn’t only focus on East-Asian region, but also pays attention to all over the globe. 

II Establishments for the operational generation of the products
1. Computing Capabilities
CMA bought IBM/SP1600, a powerful supercomputer system supercomputers system, and it was established at the end of 2004.  Now NCC’s dynamical climate model prediction system(DCMPS) runs on IBM/SP1600. 

2. Model System

1) Global Atmosphere-Ocean Coupled Model for Seasonal Prediction

The global coupled ocean-atmosphere model currently used in NCC is composed of an AGCM (Version 1.0，named T63L16 AGCM_1.0) which is developed on the basis of the operational medium-range prediction model of National Meteorological Center of China Meteorological Administration (NMC/CMA) and an OGCM（Version 1.0, named  GT63L30 OGCM_1.0）which is developed by the National Laboratory of Atmospheric Science and Geohydrodynamics (LASG) of IAP/CAS on the basis of the original LASG OGCM (20 levels in vertical direction and 4(X5( horizontal resolution), which are coupled through the coupling scheme of Daily Flux Anomaly on the open sea surface.  The brief of the whole CGCM model system is shown in Table 1.

Table 1 Brief of CGCM_1.0 for seasonal forecast system in CMA/NCC
	ITEM
	CONTENT

	Atmospheric component
	T63L16

	Horizontal resolution
	T63（triangle truncation in the horizontal direction with 63 waves, approximately 1.875X1.875）

	Vertical levels
	16 levels P-( hybrid（(）coordinate with about 25 hPa at top

	physical processes
	large-scale topography, radiation, large-scale precipitation, cumulus convection, evaporation, etc.

	integration scheme
	semi-implicit with 22.5 min timestep

	Main modification and development
	Introduce reference atmosphere and mass conservation schemes

Use a stepwise and circular revised method to treat the issue of negative water vapor existing in the initial condition

Employ semi-Lagrangian method to calculate the horizontal and vertical transport of moisture so as to eliminate the occurrence of negative water vapor and pseudo precipitation

Use static deduction method to reduce modeling truncation errors and improve calculation accuracy of horizontal pressure gradient force near cliffy topography

	Initial condition of Land surface
	Climatology

	Oceanic component
	GT63L30

	Horizontal resolution
	Grid at approximately 1.875X1.875 resolution same as AGCM

	Vertical levels
	30 levels ( coordinate system with 10 layers in the upper 250m, and 10 layers between 250m to 1000m, 10 layers from 1000m down to 5600m

	Governing equations
	baroclinic primitive equation set

	oceanic surface boundary condition
	A kind of Newtonian relaxation boundary condition.

	integration scheme
	Arithmetic algorithm of separating and coupling barotropic mode and baroclinic mode.

Inside the baroclinic mode, thermohaline process is separated from the momentum process. All the time integrations of barotropic mode, baroclinic mode and thermohaline process employ frog-leap scheme. The time step lengths of barotropic mode, baroclinic mode and thermohaline process are 2mintues, 4hours, and 8hours, respectively.

	physical parameterizations
	the incorporation of Gent and McWilliams (1990) parameterization scheme of isopycnal surface mixture in order to improve the simulation of the main oceanic thermocline

the adoption of Pakanowski and Philander (1981) scheme of vertical mixture of tropical oceanic upper layer between 30(N and 30(S in order to reduce the horizontal viscosity and improve the simulation of equatorial thermocline

the consideration of penetration of short-wave radiation into oceanic sub-surface layer (Rosati,1988)

	Sea Ice
	A thermal sea ice model reconstructed on the basis of the theory of Parkinson and Washington (1979) is used, in which taken into account the variation of thickness of sea ice, the growth and decline of the areas of sea ice and lead.

	Coupling Scheme
	Daily Flux Anomaly (DFA) on the open sea surface

	coupling time step
	1 day.

	Initial perturbation
	Lagged Average Forecast (LAF) method

	Forecast frequency
	Twice/ yr, in Mar (for Summer) and Oct (for winter and next spring and summer)
From 2003, Planned 4 times/ yr, in Feb for Spring, May for Summer, Aug for Fall, Nov for Winter.


2) Monthly DERF 

Since 1994, CMA began the research on monthly forecast method based on dynamical extended range forecast system and carried out some forecast experiments on YHII Super computer in 1995.  A preliminary DERF system was established on Cray/El98 in 1996 and turn into an MPI-parallel version on YHIII MPP in 2000. In January 2001, an ensemble monthly dynamical forecast system was launched into quasi-operational run.  The system consists of 3 parts.  The first part is a sub-system of initial conditions generation with Singular Vector (SV) method, which generates 16 initial fields besides 16 LAF initial fields. The 2nd part is the global spectral model of T63L16 (same as the atmospheric component of CGCM described in the former table).  And the 3rd part is a sub-system of information extraction and ensemble forecast output. 
3) Regional Climate Model for Seasonal Prediction

The regional climate model NCC/RegCM package has been developed based on the NCAR's second generation regional climate model (RegCM2).  The model domain covers East Asia, and center point locate at 115E/30N with 60~100km horizontal resolution and 16 levels. Some of modifications and improved parameterization schemes for physical processes (such as land-surface process, cumulus convection process, radiation and boundary layer process, 3-dimension nesting, orography scheme etc.) are incorporated into the NCC/RegCM.
4) Prediction model system for interannual variability of ENSO

During 1996-2000, a prediction system for interannual variability of ENSO has been developed in NCC, which consists five simplified ocean-atmosphere coupled model based on LDEO and Oxford models.  The models are used to perform 0-12 month lead predictions of the tropical Pacific SSTA which are available on the website of the National Climate Center (http://www.ncc.gov.cn/apn).
5) The operational system of oceanic data assimilation (ODA)
ODA is subsystem of the operational system of short term climate forecast, consists of three parts: the treatment of observation data (including decoding, regularization and quality control), 3-dimensional variation analyzing, corresponding oceanic dynamic model(GT63L30).  ODA is used to supply the oceanic initial data for the coupled model and can be used to reanalyze oceanic data too.
3. Products
Climate monitoring products at global and regional scale include:
· ENSO Monitoring Report: Tropical Atmosphere and Ocean Conditions major including convection, warmpool status, and ENSO outlook based on comprehensive monitoring and predicting information output from statistic models and dynamical models.

· Monthly Climate monitoring Bulletin: General Circulation Features, Tropical Features including Sea Surface Temperatures (SSTs), Wind Field, Southern Oscillation, and Convection over the Tropics, as well as Climate in China
· East-Asian Monsoon Monitoring Report: Monitoring summer and winter East-Asia monsoon, thermodynamic status of Tibetan Plateau, etc (planned)

Monthly and Seasonal-Interannual climate prediction products at global and regional scale shows as following table:
	Kind
	Operational Prediction
	Model prediction

	
	monthly
	seasonal
	monthly
	seasonal

	
	
	summer
	winter
	Next spring
	
	spring
	summer
	autumn
	winter

	Date of Issue
	25th 
	15th Apr

15th Jun (for J&A)
	15th Nov
	15th Nov
	22nd 
	30th Oct

22nd Feb
	30th Mar

22nd May
	22nd Aug
	30th Oct

22nd Nov

	Lead time
	5 days
	1.5 month
	0.5 month
	3.5 month
	≈10days
	4 month

≈10days
	2 month

≈10days
	≈10days
	1 month

≈10days

	content
	Prec.
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	Temp.
	√
	√
	√
	√
	√
	√
	√
	√
	√

	
	Circul.
	H500
	 
	 
	 
	H200/H500/T850/Wind200 etc.

	
	Typhoon
	√(5-9)
	√
	 
	 
	 
	 
	 
	 
	 

	
	Cold air
	√(9-4)
	 
	√
	√
	 
	 
	 
	 
	 

	Area
	China (sites)
	China/East Asia/NH/Global (2.5x2.5 grids)


4. Hindcasts
In order to assess the capability of NCC-CGCM_1.0 seasonal forecast system, summer forecasts over the years 1982 to 2000 were generated in hindcast mode in an ensemble of three.  The initial dates are selected as February 8, 9, 10 of each year.  The model is integrated from the initial date to August 31 for each year.  The arithmetic mean of 3-member is computed to obtain the ensemble prediction in the hindcast experiments.

The initial data of atmospheric model are adopted from the reanalysis data of the U.S. National Centers for Environmental Prediction (NCEP), including wind, relative humidity, geo-potential height and temperature. Surface temperature, humidity, snow cover, soil moisture are predicted, but their initial values are specified as the observational climatological data.  The initial data of oceanic model are climatological mean state of oceanic model in February 1801 as well as weekly Optimum Interpolation (OI) SST of NCEP by Reynolds and Smith (1994) in the time period of 1982-2000. 
5. Verifications
The surface precipitation and temperature over China and Asia are examined and analyzed as the verification parameters.  The data of observational rainfall and temperature at 160 representative stations over China used in assessment are provided by NCC/CMA.  The 500hPa geo-potential height data are provided by NCEP. Moreover, the rainfall data of GPCP are also used. For convenience to compare model outputs with observations, the predicted variables at each model grid were interpolated onto 160 stations of China.

ACC(Anomaly Correlation Coefficient) and RMSSS(Root Mean Square Skill Score) are used to evaluate the skill of deterministic forecast in terms of ensemble average.  The model climatology is constructed with the output of the experiment and systematic error correction is performed simply.
Figure 1 show that the correlations between observed and predicted summer rainfall anomalies are positive in the eastern and southern part of India, Burma, Indonesia, Philippines, Southeast China and the western Pacific to the east of Southeast China. The central values reach or exceed 90% confidence level. The averaged correlation coefficients over Asian and East Asian monsoon areas are 0.05 and 0.06, respectively.

The verifications show that NCC-CGCM has certain capability in predicting summer rainfall and temperature over China, but performance of the model varies with regions in China and Asian, as well as the large-scale summer circulation in the Northern Hemisphere. 19-year RMSSS scores of 500hPa geo-potential height are all above zero, with mean value being 29.9.

Although NCC-CGCM_1.0 has the potential ability to predict the summer climate anomaly over China on seasonal time scale, the predictive skill of the model is not gratifying and needs to be improved further. Now the major research and development activities in NCC are focus on the initialization (or assimilation) system, the error correction system of model prediction result, and ensemble prediction approach, etc.  An oceanic data assimilation system for the T63L30 OGCM is about to be used in the near future.
[image: image3.emf]


6. Means of Access and Dissemination
Climate information including monitoring and prediction products can be obtained via internet mainly, and NCC website (http://bcc.cma.gov.cn/en/) is accessible.  Additionally, reports, bulletins of Climate Diagnosis, monitoring and prediction are also available in paper medium.  The meetings of flood season and annual prediction of China and East-Asia are held regularly.
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3.5
MÉTÉO-FRANCE 

JP Céron - Direction of the Climatology 
· CNRM (Toulouse) in charge of model research and developments,

· Direction of the Climatology (Toulouse) in charge of regular seasonal production and adaptation to users, 
Seasonal Forecasting is one of the main topics quoted in our « Contrat d’Objectif  2005-2008 ». Consequently, we get an increase of human ressources (+1). 

1. Météo-France models
· Forced version of Arpège model (Version 3)

· T63L31C1, Full set of Parameterizations,

· Statistical model (AR2) for the SST evolution,

· Atmospheric initial state from ECMWF analyses,

· 9 members (atmospheric conditions with 24 hours lag),

· Climatology of the forecasting suite since 79 (Provost),

· Monthly run in Toulouse (VPP 5000), Forecasted period of 4 months, Lead time 1 month
· Coupled version of Arpège model (Version 4)

· T63L31C1 for the atmosphere,

· Oasis coupling and Orca oceanic model (OPA8.2),

· 41 members : 8 different atmospheric conditions  from ECMWF associated with 5 different oceanic conditions from Mercator + 1 additional member for the last forecast,

· Monthly run in Reading (ECMWF’s IBM), Forecasted period of 6 months, Lead time 1 month

· Climatology of the forecasting suite over 1993-2003, atmosphere : ERA40, ocean : MINIPOG, 5 members.

2. Products
·  Deterministic and probabilistic products :

· Ensemble mean : Indices (debiased and normalized forecast), recalibrated anomalies (with respect to the “observation” standard deviation) and  significance test (T test).

· Ensemble Member frequency into the tercile categories,

· Ensemble Member frequency into « extreme »   categories ( upper + σ  and above – σ ).
·  Forced model :

· Precipitation, Temperature at 850hPa, Geopotential Height at 500hPa,

·  Coupled model :

· Precipitation, Temperature at 2m and 850hPa, Geopotential Height at 500hPa, Mean Sea Level Pressure,

· SST, Niño plumes,

· Atmospheric indices and regimes are planned in the next,

3. Dissemination
· Internal : Intranet 
· External : Password protected ftp site ftp://ftp.meteo.fr  (including NMHS), ECMWF facilities (Multimodel experiment, RCCs), Météo-France Web site still under development,

· Availability dates : beginning of the month in Toulouse (both models), 15th of the month at ECMWF (Coupled model within the Multi model experiment).
4. Uses of the products
· Global Bulletin (via anonymous ftp), Specific Bulletins (user oriented),

· Participation to RCOFs and CLIPS (Presao, … ),

· Water management of the Manantali dam (collaboration with IRD and OMVS), users from the Insurance and Energy domains in β test mode.

· Dissemination to magrhebian NMHS,

5. Problems 

· Size of the reference experience (11 years) of the coupled model and evaluation of this forecasting suite,

· Behavior of the coupled model (oceanic analysis problem … but not only),

· Availability of the full set of evaluations of the forecasting suite,

· Supervision from Toulouse in operational mode (ECMWF facilities ?)

6. Future evolutions
· EURO-SIP Multi model experiment (see ECMWF - new version planned in 2006),

· New reference experience (25 years and 11 members) taking the opportunity of improvements both in the oceanic assimilation and the atmospheric model,

· Improvements of oceanic analysis (more parameters to be assimilated, best resolution),
· Downscaling for French oversea territory and France (using General Circulation Indexes and statistical methods),

· New computing resources (2007),

· 2 tiers approach tested in research mode,
3.6
JAPAN - TOKYO

Japan Meteorological Agency has operated the ensemble prediction system (EPS) with 31 members for three- and six-month outlooks in a two-tiered method using the T63L40 version of the JMA Global Spectral Model (GSM) in addition to the one-month prediction with the T106L40 GSM and 26 members.  The atmospheric and land-surface initials for GSM are obtained from the JMA 4D-VAR assimilation and land-surface assimilation systems.  The SST anomalies used as the lower boundary condition are assumed to be persistent for the first few months.  The SST anomalies for the last few months are statistically predicted based on the El Nino SST anomaly prediction by a coupled ocean-atmospheric model (JMA CGCM02).  Those are linearly interpolated during the middle period.

The grid point values (GPVs) and images of the global deterministic forecasts (ensemble means and spreads) have been disseminated operationally to NMHSs (National Meteorological and Hydrological Services) from the website of the JMA’s Tokyo Climate Center (TCC) (http://cpd2.kishou.go.jp/tcc/) according to the GPC guideline.  Besides, JMA has started the tercile probabilistic forecasts with 33.3% thresholds for three-month mean precipitation and surface air temperature (T2m) over the globe since April 2005.  Those are obtained by applying the Ordered Probit Model to the hindcast as a tool of the MOS. The tercile probabilities and most likely category maps are shown on the TCC webpage together with reliability, frequency and ROC curves and inter-annual variations of observed values and ensemble forecast means at all points. 
All the Standard Verification System (SVS) for Long-Range Forecasts (LRF) is applied to the hindcast products of EPS for three- and six-month outlooks except for SVS level-3 and the significance of verification.  The scores for the SVS level-1 and level-2 are open to NMHSs on TCC site. 

Three topics are also reported: (1) the two-tiered way seems to have some advantage as compared with the one-tiered way in the current JMA system, (2) Japanese 25-year reanalysis (JRA-25) project will be completed in spring 2006 and its T2m could be available as a verification data, and (3) the probabilistic T2m and precipitation forecasts due to the special statistical downscaling over Japanese local areas show good reliabilities in the verification of real forecasts. 
3.7
KOREA METEOROLOGICAL ADMINISTRATION

1. Forecast products (Dynamical GCMs)

The operational Long-Range Forecasts (LRF) system at the Korea Meteorological Administration (KMA) is based on the global spectral model, GDAPS (Global Data Assimilation Prediction System) with horizontal resolution of T106 and 21 vertical levels of hybrid sigma-pressure coordinate.  For one-month and seasonal forecasts, we utilize 20 ensemble runs by lagged average method with forecast lead-time 7 days and 2 weeks, respectively.  The main products from the LRF system include temperature at 2m and 850hPa, precipitation, sea level pressure, and 500hPa geopotential height as a grid data set with 2.5(2.5 degree to match resolution of current verification data.  The one-month and seasonal forecasts are issued and broadcasted through the KMA web site monthly and quarterly, respectively (http://www.kma.go.kr/eng/index.jsp). In 2006, the seasonal (i.e. 3-month) forecasts will be issued on monthly basis.

2. Changes to operational system

New series of hindcasts will be performed using GDAPS at the KMA’s new supercomputer Cray (X1E) following the SMIP2 protocol.  The hindcast period will be 1982~2004 (23 years), and the ensemble consists of 10 members by lagged average method.  The sea surface temperature is initialized with both the NCEP weekly OI SST anomaly and the forecasted SST by the KMA’s global SST prediction model.

The verification of hindcasts are planned to be completed by 2006 according to the SVSLRF.  For our official one-month and seasonal forecasts over Korea, contingency table and Hanssen and Kuipers Skill Score will be calculate.  The global deterministic forecasts will be verified using Mean Square Skill Score and Anomaly Correlation.

3.8
PERU  IN THE FIELD OF LONG RANGE FORECASTING 
Gabriela ROSAS

National Meteorological and Hydrological Service of PERU

SUMMARY

The National Meteorological and Hydrological Service -SENAMHI has been developing since five years ago the numerical prediction as a tool to support the activities of operational forecast of the weather, climate and hydrology in Peru.

In the area of the weather forecast, two regional models have been implemented:  ETA-SENAMHI model and RAMS Model.  The first one generates products for operational forecasts of weather in Peru with a resolution of 48 km with a domain over Peru and another one over South America; it uses data from Aviation model from NCEP as initial and boundary conditions.  The RAMS Model is used operational for the capital city Lima and has a lead time of 48 hours to a resolution of 1.5 km.  This model is used in general for specific works of climatic and seasonal forecast, using downscaling technique to generate detailed forecast over small regions for example at the scale of river basins.

For the objective of the climatic prediction the CCM3 model, which is processed every month using like forcing the observed and forecast SST, has been working for 5 years.  It has a resolution of T42L32, it generates forecasts for 9 months with 12 members (ensembles), these results are published in the Web of the SENAMHI with a restricted access in order of having a control of the users who need this information, we contact them with and explain them the restrictions and limitations of the outputs according to their needs.

The system of climatic forecasts implies the use of different tools from the observed information to the outputs from dynamic and statistical models as much for monthly as seasonal forecasts; these results are taken later to a discussion and analysis between the forecasters and climatologists who evaluate the results and conclude in a final climatic forecast, which is reported in bulletins which include a map with the forecasts in categories by terciles.

Another capacity developed in SENAMHI is the generation of regional climatic scenarios, which were developed through a project financed by the embassy of the Netherlands within the framework of the National program of Actions for Climate Change (PROCLIM), the study focused on the river basin of Piura, in the North coast of Peru to establish the climatic change for the next 50 years.  We used the dynamic and statistical downscaling methodology for the determination of the future tendency of the extreme temperatures and the regimes of the precipitation.  In the same way scenarios of the temperature in 500 hPa were made on the White Mountain for the estimation of the availability of the hydrological resource in that river basin on the basis of the retreat of glaciers in collaboration with the Institut de Recherche pour le Développement of France (IRD).

About our requirements to GPCs, there is a necessity to have access to digital data of SST (only NCEP is used) in order to use it as forcing for the CCM3 global model. In other hand, compressed formats to facilitate transference (ftp) would be recommendable.  It is necessary to include training on analysis of the LRF products in order to perform interpretation over our region (technical of adjustments), training on coupled models and to have availability of results of climatic scenarios, daily data in a binary format in order to continue our regional climate scenarios studies.

From the Lead Centres for Verification, is required training on methodologies of verification of our LRF products.  Establishment of links with the GPCs in order to make regional verifications of the LRF products.

From the Regional Climate Centres, it is necessary to have availability of regional information observed for evaluation of our climate forecast, training to improve the communication and transfer of data and methodologies and evaluation of errors and uncertainties on climate modeling. 

In SENAMHI there are some projects in progress, for example the Forecast of Drought (seasonal forecast of precipitation in 5 basins that are in a state of rain deficiency in the last 3 years), Climate Prediction in EELA (e-Infra-structure shared between Europe and Latin America), Europe-South América Network for Climate Change Assessment and Impact Studies–CLARIS (as an external collaborator) 2004 and REGIONAL CLIMATE SCENARIOS (Second National Communication of Peru to the UNFCC), all of them are making possible the improvement of our computational and technical capability.

Activities in progress during the next 2 years, LRF products for South American countries, available from the website of SENAMHI, using ensembles in order to forecast extremes events for the weather prediction, implement recent version of CCM (CAM) and develop Simple Coupled models: GCM CCM3 and oceanic models in collaboration with the Institute of the Peru’s Sea.

IN 2005, the meeting of CLIPS AR-III took place.  The main conclusions were about to improve the Regional climate indicators and indexes, to encourage the Climate Outlook Foras (COFs) (CIIFEN) and about the Climate Modeling, in the last conclusion it was shown that Peru has better capacities for the development of the regional climatic forecasts than the other countries of the west of South America. SENAMHI is included in the list of potential GPCs, but it is necessary to implement a verification system for our LRF products, it must be considered as a permanent activity in parallel with the generation of LRF products.

3.9
RUSSIAN FEDERATION - MOSCOW

Long-Range forecasting in Roshydromet 

3.9.1 Current state

There are several institutions dealing with various kinds of LRForecasts in Roshydromet.  A number of operational regional LRF products based on analogous-empirical and statistical methods have been issued over the last few decades.  There are meteorological forecasts, marine forecasts, hydrological forecasts and agrometeorological forecasts.

Global dynamical long-range forecasts in Russia have been issued over the last few years.  Two institutions within Roshydromet are involved in dynamical long-range forecasting activity.  These are the Main Geophysical Observatory (MGO) from Saint-Petersburg and Hydrometcentre of Russia in Moscow. 

· Global hydrodynamical 1-month forecasts with statistical post-processing have been regularly issued since 2000 on monthly basis (Hydrometcentre of Russia, Main Geophysical Observatory);

· Dynamical seasonal forecasts of MGO have been issued since 2002; 

· Hydrometcentre of Russia started to issue dynamical seasonal forecasts in 2004.

Models of the Hydrometcentre of Russia and MGO are participants of SMIP-2 experiments. 

MGO has been participating in the APCN Project since 2002. Hydrometcentre of Russia joined the APCN Project in 2004.

3.9.2 Models

Hydrometcentre of Russia: Finite difference semi-Lagrangian model - developed by the Hydrometcentre of Russia in collaboration with Institute of Numerical Mathematics of the Russian Academy of Science. Resolution 1.125/1.40625 degrees lat/lon, 28 sigma levels. Original vorticity-divergence semi-Lagrangian dynamics. Physical parameterizations - from operational Meteo-France ARPEGE/IFS model. 

MGO: Global spectral T42L14 AGCM 
Developed by the Main Geophysical Observatory (Saint-Petersburg).
At the moment both models use two-tier approach.

3.9.3
Hindcasts experiments

Hindcast experiments for assessment of potential and actual seasonal predictability were carried out for 23-year period (1979-2002) using SMIP-II and SMIP-II/HFP experimental set-up. Six-member ensembles were used for each model (AGCM MGO - breeding method, AGCM of Hydrometcenter of Russia – 12 hour lagging). 

3.9.4 Real-time dynamical seasonal forecasting

Some information on seasonal forecasts of Hydrometcentre of Russia is available on public web site of Hydrometcenter of Russia (http://meteoinfo.ru/climate). Forecasts in real-time mode are experimental ones, so cautions on use are provided: “These forecasts are considered to be experimental.  The producer accepts no responsibility for actions taken on the basis of these forecasts”. 

3.9.5
Future Plans

- Make improvements in dynamical seasonal forecasts (increased resolution, larger number of ensemble members, more detailed physical parameterizations);

 
- Expand the list of output parameters and their verifications in accordance with WMO recommendations;

- Develop multi-model products of the MGO, Hydrometcentre of Russia, and other global producers;

- Develop practical applications of seasonal predictions (e.g., energy sector, agriculture etc.) and provide better access to the long-range forecast products for end users, in particular, via Internet;

- The forthcoming upgrade of computing facilities will enable Roshydromet to produce seasonal forecasts on monthly basis for an expanded list of meteorological parameters. 

3.10
THE SOUTH AFRICAN WEATHER SERVICE AS GPC

Willem A. Landman

The South African Weather Service (SAWS) has the ability to run GCMs and produce operational global products every month.  At present the only GCM that is being run at the SAWS is the COLA T30. Forecasts are currently being shown as anomaly maps of the mean of 10 ensemble members for rainfall and near-surface temperature as well as near-global sea-surface temperatures between 45(N and 45(S (www.weathersa.co.za/Menus/WXandClimate.jsp).  Persisted and forecast SST anomalies (using CCA) over a 6-month period are used to force the COLA T30, which is initialised with NCEP data incorporated in a lagged-average forecast approach.  The model code of the ECHAM4.5 has been obtained and the model has been compiled. In addition, the model code of the CCAM has also been obtained, but the compilation process is still under way.  These two GCMs will be run in association with the COLA T30 to produce a multi-model ensemble operationally.  Evidence that such a multi-model ensemble should improve on forecast skill over southern Africa has been demonstrated.  To further support multi-model ensembling in southern Africa, the Global Forecasting Centre of Southern African has been established (www.gfcsa.net).

3.11
UKMO

Summary of Long-range forecast production at the Met Office:

systems, products, and verification
Richard Graham, Hadley Centre, Met Office, UK

The Met Office produces global real-time operational long-range predictions for up to 6-months ahead. The forecasting system is based on a version of the Hadley Centre climate model, HadCM3, specially adapted for seasonal forecasting purposes and known as ‘GloSea’ (details are available at www.metoffice.gov.uk/research/seasonal). GloSea is run in a 41-member ensemble on the ECMWF super computer and forms one component of the developing European multi-model (EURO-SIP) along with, currently, the ECMWF system2 and the Météo France seasonal forecast models. Initial conditions for the GloSea ensemble are generated from a mix of windstress perturbations applied during assimilation and instantaneous SST perturbations.  Atmospheric and land-surface initial conditions are taken from the ECMWF operational analysis. 

The real-time forecasts are calibrated using a set of retrospective predictions (hindcasts) run in a 15-member ensemble over a 15-year period 1987-2001.  Forecasts are generated each month with products made available on the website on the first Monday following the 19th of the month.  A user guide to the products, forecast methods and verification methods, and a user feedback questionnaire are also provided. Products include:

· one-month-average SST anomaly plumes for the Niño3, Niño3.4 and Niño4 regions

· global maps of probability for tercile and outer-quintile categories of 3-month-average 2m temperature and precipitation.  Forecasts for a variety of geographical regions (eg as used for RCOF region consensus forecasts) are also provided.

· summary maps are also provided showing information on the most likely tercile categories.

· EURO-SIP multi-model products are also shown and currently comprise probabilities for tercile and outer-quintile categories of 2m temperature and precipitation generated from an 80-member ensemble of the Met Office and ECMWF systems. 

Verification is provided for GloSea products for the globe and all forecast sub-regions following the scores and procedures specified in the WMO standard Verification System for Long-range Forecasts (SVSLRF).  Verification is calculated over the 16-year period 1987-2002 using ERA40 and GPCP for verification of temperature and precipitation, respectively.  The skill measures provided for probability forecasts are ROC and reliability curves (level 1 of the SVSLRF) and maps of area under ROC curve (level 2 of the SVSLRF). Verification of deterministic forecasts currently comprises a Gerrity score assessment for forecasts of the most likely tercile category.

Additional products and verification will be added to complete the specifications documented in Appendix II-6 of the WMO Manual on the GDPFS. 

In addition to the GloSea and EURO-SIP forecasts, products generated using a number of statistical/empirical methods are also generated and, where benefit has been found, combined with the GloSea dynamical model output.  These products are made available on the website and also disseminated to a number of users.  They include forecasts for: the March-April-May wet season in NE Brazil; the July-August-September wet season over tropical North Africa (including the Sahel) and the October-November-December short rains over East Africa. Statistical/empirical methods are also used to generate European summertime (July-August) temperature forecasts and forecasts of the winter North Atlantic Oscillation (NAO) index.

Monthly forecast products are generated using the ECMWF 51-member monthly (32-day) ensemble prediction system. Forecasts are initialised at 00GMT each Thursday and Met Office products disseminated on the following Friday.  Products are generated for period-averaged mean, maximum and minimum temperature and precipitation, with periods tied to the Monday to Sunday working week - corresponding to days 5 to 11, 12-18 and 19-32 of the forecast.  The forecasts are generated as part of a commercial enterprise and are not currently published on the website, though this is under review.  Forecasts are generated for a range of global regions and are expressed in terms of probabilities for tercile and quintile categories.

Customers for long-range forecasts include:

· National Meteorological Services and other users including the Regional Climate Outlook Fora, DMC Harare and ICPAC Nairobi

· UK government departments

· The general public

· A number of commercial customers (mainly for the monthly forecast) working in the weather derivatives, energy trading, utilities and retail sectors.

· A seasonal forecast for water volume inflow into Lake Volta, Ghana, developed as an aid for management of the Akosombo dam hydro-electric power facility.

Recent research and development in LRF conducted at the Met Office includes:

· A comparison of the skill of 1-tier and 2-tier versions of the seasonal forecast system: Marked improvements to skill with the 1-tier system were found in tropical regions and are associated with improved ENSO prediction and also with improved representation of lagged, remote responses to ENSO SST anomalies in the tropical Atlantic and Indian oceans.  The 1-tier version also showed improved skill for European spring-time temperature, and there is evidence that this may result from the coupled model (GloSea) ability to predicted observed SST anomalies in the North Atlantic and associated reinforcement of the NAO.

· Recent production, as part of the EU ENSEMBLES project, of an updated database of quality controlled ocean observations and a corresponding model-independent gridded analysis (www.hadobs.org)
· An improved ocean analysis scheme using synthetic salinity observations
· Development of a linear discriminant method for calibrating and combining multi-model ensemble predictions.

· Evaluation of the statistical significance of seasonal hindcast skill assessments

· Preparation of maps of observed tercile and quintile categories for use in the ‘real-time’ verification of seasonal forecasts.

Key areas of research and development that are either underway or planned are listed below and include activities within the EU ENSEMBLES project.

· provision of a wider range of forecast products on the website

· development of statistical pattern correction and downscaling techniques

· investigations of predictability at multi-annual to decadal timescales

· development of improved methods for representing model uncertainties

· testing and implementation of the new Hadley centre model (HadGEM) for seasonal forecasting

3.12
USA - NWS

Dyamical Long Range Forecasts at the US National Weather Service

The U.S. National Weather Service’s Climate Prediction Center (CPC) maintains a suite of prediction products on seasonal-to-interannual time scales.  These products include surface temperature and precipitation predictions over the U.S., and prediction for Niño 3.4 sea surface temperature (SST) index.  The U.S. seasonal outlooks are generated in both text and graphical forms, and are for anomalous probabilities for the above-normal, below-normal, and near-normal categories.  

One input for generating seasonal forecasts is based on the dynamical seasonal prediction involving a Coupled Forecast System (CFS).  CFS is run operationally at the National Centers for Environmental Predictions (NCEP) and the current version has been operational since October 2004. 

The atmospheric component of the CFS is the NCEP Global Forecast System (GFS) as of February 2003 with a horizontal resolution of T62 spectral truncation.  There are 64 vertical levels in the atmospheric model with the top level at 0.2hpa.  The oceanic component of the CFS is the GFDL Modular Ocean Model V.3.  The domain of MOM3 is almost global extending from 74S to 64N.  The meridional resolution of the ocean model is 1/3 between 10S and 10N, and gradually increases in the extratropical latitudes becoming fixed 1 poleward of 30S and 30N.  The zonal resolution is 1.  The CFS configuration of MOM3 has 40 layers in the vertical with 27 layers in the upper 400 meters.  The vertical resolution is 10 meters from the surface to the 240 meters depth.

To establish model climatologies an extensive set of hindcasts is available.  Hindcasts with CFS include a 15-member ensemble of nine month coupled forecasts run each month from 1982-to-present.  The real time forecast configuration includes twice-daily runs for 10 months, and forecast is constructed based on lagged ensemble.  Data from hindcasts and the real-time forecasts is freely available.  Instructions for downloading the model data can be found at:

http://cfs.ncep.noaa.gov
Some possible coordination issues to advance LRF activity among different GPCs could include:

- Common display of seasonal forecasts from different GPCs and possibility of a web portal with appropriate links to different forecast centers.  Eventually one could also envision a central location for collecting and disseminating model forecasts and information

- Establish data exchange procedures for minimal amount of common fields (e.g., monthly mean sfc. temp. and precip. for individual runs)

- Initiate a discussion about establishing common schedules/methodologies for dynamical long-range predictions
3.13
ECMWF

Long-Range Forecasting (LRF) Progress Report for ECMWF 

ECMWF Seasonal Forecast system is fully operational.  This includes data dissemination to Member States and commercial customers and dissemination of predicted SST monthly data to GTS.  The operational release date for the forecast is set at the 15th of the month. 

Since mid-2000 a large part of graphic products displayed on the ECMWF web-pages are available to the WMO members.  Those products include: a weekly monitoring of the oceanic conditions, the Nino plumes, spatial charts, and forecast of tropical storms.  All plots can be downloaded as postscript or pdf files, as well as being viewed on screen. Global spatial maps of 2 metre temperature, precipitation and mean sea level pressure are shown, in the form of probabilities for tercile and 15%ile categories as well as the ensemble mean anomaly and the probability of exceeding the climate median.  The Nino SST indices include the Nino 3.4 and Nino 4 regions as well as Nino 3, and the ocean analysis plots include several meridional sections, as well as zonal and horizontal maps.

 A large number of different model fields from seasonal forecast (both forecast and hind-cast) is archived although only a small subset of these are presently listed in the ‘ECMWF catalogue’ for commercial use.  A full list of the output fields can be found in section 3 of the online Seasonal Forecast User Guide, at http:/www.ecmwf.int/products/forecasts/seasonal/documentation.  The comprehensive data archive allows the development of a full range of sophisticated products, and in particular the synoptic variability of each ensemble member is well resolved.  The upper air and surface fields should be sufficient for statistical downscaling techniques, including those that require the synoptic evolution of the system.  The archive does not include the full model level data that would be required to drive regional dynamical models, since to store the full global fields for all ensemble members would be excessive. Ocean analysis data are also archived.  For further details see:

 http://www.ecmwf.int/products/forecasts/seasonal/documentation/ch3_2.html

For a correct interpretation of seasonal predictions the user needs to complement the forecast products with knowledge of the forecast skill.  The site at:

 http://www.ecmwf.int/products/forecasts/d/charts/seasonal/verification provides a comprehensive documentation of skill levels, using methods that have been agreed at the international (WMO) level for the evaluation of long-range forecast systems.  A suite of verification scores for deterministic (e.g. spatial anomaly correlation and Mean Square Skill Score Error (MSSE)) and probabilistic forecasts can be viewed.  The basic levels (level 1 and level 2) requested by the SVS (Standard Verification System) are close to be completed.  Verification information could be sent to the lead Verification Centre in Melbourne in the next coming year.
As part of the operational products ECMWF issues also predictions in the extended range using the Monthly forecast system (for more information on the monthly forecast please see http://www.ecmwf.int/products/forecast).  The monthly forecasting system successfully predicted a late onset of the Indian monsoon in 2005 more than 20 days in advance as well as the heat wave over India associated with it.  Some users might find information from those extended range predictions very relevant for their application.

The ECMWF seasonal forecast is a dynamical system consisting of a coupled atmosphere-ocean model and an ocean analysis.  By the beginning of 2006, a substantial upgrade is going to be made to the seasonal forecasting system.  The new system will use a recent version of the atmospheric component with increased horizontal and spatial resolutions.  A more advance version of the ocean assimilation system will be introduced: salinity and scatterometer data will be assimilate and a bias correction will be applied.  The ensemble generation will include atmospheric perturbations based on the singular vector computation. As with all models, the seasonal forecast system is not perfect.  One symptom of this is climate drift: the model climatology does not match the observed climatology.  To account for this, the forecasts need to be referenced to the model climatology.  At present the estimate of the model climatology is based on an ensemble of 5 integrations spanning the years 1987- 2001. With the new system the hind-cast period will be extended to 1981-2005 and the hind-cast ensemble size will be 11 members.  This 25 year climate gives a more stable basis for computing anomalies than the 15 year climate available in the present system.  Documentation about the present system and some guidelines to the users are available on web site. Such documentation will be updated accordingly when the new system will be implemented.

In addition products from the EUROSIP (European Seasonal to Inter-annual Predictions) multi-model system will be shortly published on the web. EUROSIP is a real-time multi-model ensemble forecasting and is part of the operational seasonal forecast suite at ECMWF.  At the moment ECMWF, Met Office and Météo-France coupled systems are part of this multi-model mix but it is possible that other models may be included at a later stage. 

The Met Office coupled system (GloSea) is initialised using an ensemble of ocean analyses and it runs on the ECMWF computing facility in parallel configuration with the ECMWF system seasonal prediction model.  Météo-France is running their system remotely using the ECMWF computer.  Météo-France system is initialised using the Mercator ocean analyses.  Météo-France hind-cast set is limited by the availability of Mercator ocean analysis that extend back to 1993. Also, the ensemble generation strategy is different, and is based on a lagged average approach with cross-matching between ocean and atmosphere dates.                    
The initial multi-model product will be based on a simple average of the 3 probabilities associated with each individual system.  At a later stage Bayesian techniques, based on work that has been done at ECMWF, will be extended to the multi-model. Raw (non calibrated) data will still be accessible.
Estimates of the multi-model skill levels and of the skill of each individual component will be made available. Such estimates will be evaluated using methods that have been agreed by the LRFSVS.  Documentation of the multi-model products and of each individual component will be also available.

3.14
IRI-USA

Production of Long-Range Forecasts at the IRI

The IRI has been using objective forecast combination schemes since June 2001.  Two schemes are used: a bayesian optimal weighting scheme, and a method based on canonical variate analysis.  The schemes currently are used to combine forecasts from a suite of two-tiered predictions using seven atmospheric general circulation models with upto four different sea-surface temperature boundary forcings.  Experience with both combination schemes suggest that best results are achieved by recalibrating the models individually before combination.  This prior recalibration considers the models’ respective performance over a training period, not just systematic biases in the model climatologies.

In the IRI forecast system, two-tiered systems are used exclusively, although experiments are being conducted to compare the performance of one-tiered systems, and one-tiered systems are likely to be introduced sometime in the near future.  Preliminary comparison results suggest that there is little if any loss of skill in the two-tiered forecasts despite the lack of feedback from the atmosphere to the ocean.  The failure of one-tiered systems to outperform two-tiered systems can be attributed to teleconnection problems that result from model drift.  The savings in computing resources gained from running an atmosphere ocean model and from not having to perform data assimilation are used to run larger ensembles than would otherwise be possible.

Although the IRI runs two models inhouse (ECHAM4.5 and CCM3.2), neither of these models were developed by the IRI.  The IRI sees its role more in terms of developing systems to combine forecasts from a variety of sources in order to produce the best possible forecast rather than in attempting to develop the best possible model.  Close collaboration with modelling centres is therefore mutually beneficial.

ANNEX IV
STATUS OF THE LEAD CENTRE FOR THE LONG RANGE FORECAST VERIFICATION SYSTEM

(Submitted by Dr. Andrew Watkins1(A.Watkins@bom.gov.au) & Mr. Normand Gagnon2)

1. WMC Melbourne/Australian Bureau of Meteorology 

2. RSMC Montreal/Meteorological Service of Canada

Website: http://www.bom.gov.au/wmo/lrfvs
Introduction and background

The Standardized Verification System (SVS) for Long-Range Forecasts (LRF) defined in the WMO Manual on the Global Data-Processing System (GDPS), Volume I (SVSLRF) outlined requirements for Global Producing Centres (GPCs) to verify their forecasts.  The document also outlines how a Lead Centre for the Long Range Forecast Verification System may assist GPCs in the verification process.

At a subsequent meeting of the Lead Centre in Montreal Canada, 1-5 December 2003, agreement was made on a division of duties between WMC Melbourne and RSMC Montreal for the development of the Lead Centre activities.  However it should be made clear that WMC Melbourne and RSMC Canada have worked in close co-operation.

The Lead Centre reported to the Expert Team on Long Range Forecasting (Infrastructure and Verification) in Geneva, 16-19 November 2004, suggesting that while significant progress had been made, the web site would take at least 6 months to be fully operational.

Lead Centre role

The role of the Lead Centre, and the division of responsibilities, are outlined in the table below.

	Role
	Responsibility

	To develop and maintain the SVSLRF web site. 
	WMC Melbourne and RSMC Montreal

	To host the SVSRLF web site.
	WMC Melbourne

	To develop the structure of the SVSLRF web site (HTML code, etc.).
	WMC Melbourne

	To provide access to verification datasets on the SVSLRF web site. 
	RSMC Montreal

	To update the verification datasets on the SVSLRF web site on a yearly basis provided that new data is made available.
	RSMC Montreal

	To develop and provide specifications defining the format of the data to be sent to the Lead Centre for graphics preparation.  The infrastructure to generate all graphics posted on the SVSLRF web site will have to be developed.
	WMC Melbourne

	To make available on the web site the digital verification information as specified at levels 1, 2 and 3 in Attachment II.9 of the Manual on GDPS.  This implies that a structured database will be developed to store digital verification results.
	WMC Melbourne 

	To ensure that clear and concise documentation explaining the verification scores, graphics and data is available and maintained up-to-date on the SVSLRF web site. 
	RSMC Montreal and WMC Melbourne

	To consult with the GPCs to make sure that the verification data is correctly displayed before making available their verification results on the SVSLRF web site.

	WMC Melbourne and RSMC Montreal

	To ensure that the verification results placed on the SVSLRF web site comes from officially recognized global producing centres with operational guidance commitments. 
	WMC Melbourne and RSMC Montreal

	To provide and maintain software to calculate the verification scores (ROC curves, ROC score, MSSS, contingency table scores, hit rates…).. 
	RSMC Montreal

	To ensure that appropriate hypertext links to participating GPCs are available on the SVSLRF web site.
	WMC Melbourne and RSMC Montreal

	To publicise the SVSLRF web site to other organizations involved in verification (such as WGSIP, COLA etc.) and establish contacts in order to receive feedback and facilitate discussion for further development and improvement.
	WMC Melbourne and RSMC Montreal

	Once the SVSLRF web site is operational, to provide progress reports every two years to CBS, prior to its meetings.
	WMC Melbourne and RSMC Montreal


Progress of the Lead Centre

The Lead Centre is pleased to report that the web site, the software and the datasets are all ready for use.  Indeed some GPCs have already contacted the Lead Centre for passwords to access data and software on the Lead Centre ftp area to assist them in meeting the requirements of the SVS-LRF.  Passwords to access the software and data may be obtained from the Lead Centre by emailing: lrfvs@bom.gov.au
As suggested to the Expert Team meeting in November 2004, the URL of the preliminary Lead Centre web site has been changed, and is now:

http://www.bom.gov.au/wmo/lrfvs (see Fig. 1)

However, users pointing to the old URL are automatically redirected to the new address.

Datasets on a standard 2.5° x 2.5° grid, in GRIB1 format, are provided for the precipitation data of Xie and Arkin (1997) and GPCP (NASA) Huffman et. Al., (1997), the surface air temperature data of Mitchell et. al., (2005), (CRU) and Simmons and Gibson (2000) (ERA40) and sea surface temperature data from Reynolds et. al., (2002) and Smith and Reynolds (2003).

The Reynolds et al., (2002), Xie and Arkin (1997) and Mitchell et. al., (2005) are listed as the preferred datasets. Brief descriptions, and links to the original source data and source institution, are provided on the Lead Centre web site.

To interpolate the data onto the recommended grid, the process of linear interpolation was used.  When passing from a higher resolution to the recommended grid a spatial smoothing is made before the interpolation is performed in order to scale make the fields. Whilst preparing the datasets, two of the original datasets were upgraded by their source organisations (CRU T2m data of New et al. 1999 and 2000 was superseded by the Mitchell et al. 2003 data and the Reynolds and Smith 2004 replaced the Smith et al. 1996 data).  This raised the issue that datasets may not only be extended in length, but may also change in quality or format.  It was acknowledged by the audience and the WMO secretariat that the official document Appendix II.8 part of the Manual on GDPS should be as independent as possible of the data set source.

Software provided by the Lead Centre includes subroutines for calculating Relative Operating Characteristics ROC scores, Reliability Diagrams and Mean Square Skill Scores (MSSS).  The Lead Centre web site also offers detailed descriptions of each of these scores to further their understanding.

The Lead Centre web site also offers a users guide, which aims to make the requirements of the SVS-LRF as clear as possible, as well as attempting to guide the users through the process of verifying their results.  This is complimentary to the official Manual, and users are advised to consult the Manual during their assessment.

The Lead Centre also defines standard formats and filenames for the submission of verification data to the Lead Centre. This is done so as the data can be easily and efficiently plotted by the Lead Centre.  Considerable time and effort has gone into producing a suite of scripts and programs which can automatically plot up the verification results submitted to the Lead Centre, with minimal human intervention and thus minimal cost.  Plots have been produced using the “GrADS” software from the Centre for Ocean-Land-Atmosphere studies to enable ease of transfer to other institutions if required.  Data submitted to the Lead Centre will be placed in a structured format to allow ease of future access.

To view the resulting maps, diagrams (e.g., Reliability curve) and contingency table scores, a viewing page has been developed as part of the Lead Centre web site.  The verification maps page, at http://www.bom.gov.au/cgi-bin/climate/wmo.cgi , has been developed to respond to users selections.  For example, if one selects “maps” then the remaining options are applicable for maps only; selections relevant to “diagrams”, for instance, are not shown.

Feedback to the Lead Centre is always welcomed.  The Lead Centre may be contacted via the email address: lrfvs@bom.gov.au
The Lead Centre would like to acknowledge the considerable efforts and assistance of Ms. Lynette Bettio (Australia) and Mr. Benoit Archambault (Canada).
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Figure 1. The Lead Centre for the Long Range Forecast Verification System: http://www.bom.gov.au/wmo/lrfvs




�Fig.1  Distribution of correlation coefficients between NCC CGCM predicted and GPCG summer rainfall anomaly over Asian Monsoon Area (50(E-160(E，0-30(N)during 1982-2000. Light shadow indicates positives ACC. Dark shadow indicates ACC higher than 90% confidence level.
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