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Summary and purpose of document
The Chairman of the CBS/DPFS Expert Team on Ensemble Prediction Systems (ET‑EPS) report on the progress made and will introduce for discussion relevant proposals and recommendations to CBS-XIII.

Action proposed

The meeting will discuss these issues and make, when necessary, appropriate proposals to improve the GDPFS world wide in order to meet the requirements of WMO Programmes.

Report of Chairman of ET/EPS
(by Ken Mylne, Met Office, Exeter, UK)

1. Review of Progress on EPS

1.1 Most advanced centres are now operating or developing Ensemble Prediction Systems (EPS) for use on short, medium and/ or long-range. Most operational EPS use global models for medium-range predictions. However, a small number of regional ensembles focussing on short-range forecasts are no in operation and many more are under development.
1.2 The uncertainty in initial state and/ or numerical model is reflected in the EPS.  Singular vectors or bred vectors are frequently used as perturbed initial analyses, and variants of the Ensemble Kalman filter (EnKF), in particular the Ensemble Transform Kalman Filter (ETKF) are becoming increasingly common. Other methods such as multi-analyses, taking operational analyses from various centres, are also being used in some centres. The lateral boundary condition is perturbed in the EPS based on regional models by taking boundary conditions from global EPS.

1.3 Various approaches are used to account for uncertainty due to model errors. Use of multiple models, or multiple parameterisation schemes, is a simple and pragmatic approach which has been demonstrated to have significant positive benefit in estimating forecast probabilities. Much research is now focussing on methods with a better grounding in theory through randomly perturbing the model within the forecast run.  The surface boundary condition (i.e., soil moisture, SST) is another source of uncertainty. 

1.4 The so-called poor person’s ensemble (PEPS) is a combination of various model outputs, which are produced from different initial analysis and/ or from different model configurations. Research in the Poor person’s ensemble at the UK Met Office has demonstrated that this approach can provide reliable probability forecasts at relatively low cost. A regional PEPS for Europe is under development at DWD (German Weather Service).


1.5 The ensemble approach to dealing with uncertainty is applied from short to long range prediction. Even though the underlying science are different, the decision making strategy and evaluation techniques are similar, and EPS provides a framework for the seamless forecasts from short to long range.
1.6 Methods of post-processing ensembles for downscaling and bias correction are becoming well-established. The statistical interpretation approach (e.g. Kalman filtering) is applied to EPS products to remove site-specific biases, and calibration methods for correction of ensemble spread are also available. Methods such as best-member ensemble dressing or Bayesian Model Averaging (BMA) are increasingly used to improve the quality of probability forecasts. BMA can be applied to weight the members of multi-model ensembles.
1.7 A WMO framework for the verification of EPS is well established and standardized following the recommendations of the ET. The exchange of reliability tables has been established with the support of JMA who provide a data server and web pages (http://epsv.kishou.go.jp/EPSproducer/). Details are given in section 2.

1.8 Training materials for forecasters are under development, and some information and guidelines can be found on the Internet (e.g., http://meted.ucar.edu/nwp/pcu1/ensemble/), which include use of probability concepts and interpretation of various probability diagrams provided by EPS, and the concerns on bias of EPS and relevant calibration. Two training workshops are being organized by WMO in 2005 – further details are provided in section 3 below. 


1.9 A major forthcoming development is the THORPEX program being developed by WMO under CAS. THORPEX is a research programme but to conduct the research will establish a global multi-model ensemble system  - TIGGE (THORPEX Interactive Grand Global Ensemble) which is seen as a potential first step towards a more collaborative future global forecasting system. More details of the THORPEX implementation plans are given below.
1.10 As a first step towards the creation of TIGGE the USA (through NCEP) and Canada (MSC) have formed a collaborative multi-model ensemble by combination of theior two medium-range ensemble systems. This is currently at the stage of “Initial Operational Capability” which involves the operational exchange of forecast data and generation of products from each other’s data. This collaboration is now expanding with the inclusion of the UK (Met Office) and discussion with other centres including ECMWF.
2. Verification Exchange

A WMO framework for the verification of EPS was recommended by the first meeting of the ET/EPS in Tokyo in 2001. This proposed a standard format of “Reliability Tables” for the exchange of verification results for a standard set of variables and forecast events. The team gratefully accepted an offer from JMA to establish and host a data-server web-site  (http://epsv.kishou.go.jp/EPSproducer/) on behalf of WMO to facilitate this exchange and make the results available to WMO members. The main menu of the webserver is shown in Figure 1. JMA processes the tables submitted to generate various scores which are presented on the web pages: reliability, resolution, Brier score, relative operating characteristics (ROC) curve, analysis rank histogram and relative economic value measures of EPS can be derived– see Fig 2.


Further information on this system is given in a separate report provided by Masayuki Kyouda of JMA.
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Fig1: Main menu of Web server for EPS verification at JMA. http://epsv.kishou.go.jp/EPSproducer/
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Fig 2: A sample plot from the Web server for EPS verification at JMA. http://epsv.kishou.go.jp/EPSproducer/
3. Training Workshops
3.1 The second meeting of the ET/EPS held in Geneva in 2003 focussed attention on the need for training on EPS for WMO members. The team recommended a detailed framework for the topics to be covered and proposed that a CBT (computer-based training) module would provide the ideal way to disseminate training widely within the member state NMHSs. 

3.2 Two training workshops are planned for 2005 in Brasilia (January) and Beijing (April). The provisional programme for the Brasilia workshop is shown in Appendix 1. At the time of writing the lecturers are being approached.

3.2 To facilitate the proposed training, a set of CBT modules has been made available on the web by the US COMET programme. An example page from the module is shown at Appendix 2. The modules provide a broad training in the background to ensemble prediction much as required. 

3.3 Examples in the COMET modules are all USA-based, and to make the modules more appropriate for WMO use the COMET developers have offered to generate some case studies for regions outside the USA, in regions appropriate to the forthcoming training workshops. Provisional agreement to fund this has been obtained from WMO and details of the work are currently being finalised.

4. THORPEX

4.1 Quoting from the THORPEX mission statement: “THORPEX is an international research programme to accelerate improvements in the accuracy of 1-day to 2-week high-impact weather forecasts. These improvements will lead to  substantial benefits for humanity, as we respond to the weather related challenges of the 21st century. THORPEX research topics include: global-to-regional influences on the evolution and predictability of weather systems; global observing-system design and demonstration; targeting and assimilation of observations; societal, economic, and environmental  benefits of improved forecasts. THORPEX establishes an organisational framework that addresses weather research and forecast problems whose solutions will be accelerated through international collaboration among academic institutions, operational forecast centres, and users of forecast products.”

4.2 THORPEX provides the prospect of ensemble products becoming more freely available to member states of WMO, particularly for applications related to disaster mitigation and management. 

4.3 As Chair of the ET/EPS Ken Mylne attended a meeting of the THORPEX Implementation Plan committee in Beijing in September 2004. His report from that meeting is attached as Appendix 3 to provide a recent update of the status of THORPEX planning. 

4.4 The latest version of the THORPEX science plans are available at http://www.mmm.ucar.edu/uswrp/programs/thorpex.html and the Implementation plan at http://www.wmo.int/thorpex/ .

4.5 Relevance of THORPEX and the TIP for CBS: CBS is primarily concerned with operational systems and availability of operational data. THORPEX is a research experiment and operational implementation is likely to be some way off. Suggestions of early implementation are contentious. However near-operational use is beneficial in order to handle the large quantities of data required to support TIGGE. Furthermore, if TIGGE is to be used and tested in FDPs (forecast demonstration projects) within THORPEX then it will need to be operating on operational timescales within 3-4 years, so it is likely that some quasi-operational data could become available on this timescale. CBS may like to request that such data be made available for evaluation and assessment by WMO members as part of the research effort. In the longer term, if the TIGGE idea proves successful, this may lead to much better access to ensemble data for WMO members. 

Appendix 1:

RA III/IV TRAINING WORKSHOP ON ENSEMBLE PREDICTION SYSTEMS

 (Brasilia, 24-29 January 2005)

PROVISIONAL AGENDA

DAY 1

Ensemble basics concepts and principles Lecturer: ECMWF expert 
· Chaos theory

· Error sources: initial conditions error and model error propagation 

· Scale and predictability - Sub-grid processes

Construction of ensembles 
· “Poor Person” Ensemble

· Initial conditions and model perturbations; relationship to data assimilation

· Multi-model ensembles

· Global and regional ensemble systems

Basic products 1 

· Stamp maps

· Spaghetti charts

· Ensemble mean and spread

· Clusters/tubes

· EPSgrams and plumes
DAY 2

Review of principles of probability 
· Introduction to probabilities

· Relation between probabilities and odds 

· Probability from statistical methods

· Probability from ensembles

· Probability and decision making (Cost/ Loss model)

· Difference between point probability, area probability and average point probability

Basic products 2 
· Probability charts

· PDFs/CDFs, stacked probabilities;

· Storm track and strike probability charts;

Advanced products 
· Statistical post-processing 
- bias correction
- calibrated probability products
- probability dressing; 
- Kalman filtered
- Bayesian post-processing

· EFI/Severe weather warnings

· Relative measure of predictability

· Circulation indices (blocking,…)

· Downscaling (statistical/dynamical)

· Downstream models and products for key sectors(e.g. energy, hydrology, agriculture, warning authorities, civil protection, etc.)
DAY 3

Forecast applications 
· Improving deterministic forecasts
- gain in predictability
- confidence
- alternative scenarios
- capture of extreme events/low range events

· Probability forecasts
- uncertainty ranges
- risk analysis and decision making
- shift in probability (forecast vs climatology)

· Communication of uncertainty to users

Presentation of  Regional Experiences with EPS and/or EPS products 
Case study no1 Leaders
· Exercises – locally adapted, real-time and/or historical

· Capabilities and limitations of ensembles

· Forecast process (methodology)

DAY 4

Sources of ensemble data 
· Charts

· GTS/Internet/ftp/satellite

· GRIB and BUFR products

· Technical requirements:
- running EPS
- post-processing EPS
- expertise and support

Use of the Computer Aided Learning (CAL)
· CAL material to be used during the afternoon labs

· Relation between workshop modules and CAL

· Installation guide

Case study no2 
· Exercises – locally adapted, real-time and/or historical

· Access to products

· Capabilities and limitations of ensembles

· Forecast process (methodology)

· High Impact Weather example 

DAY 5

Skill and value of ensemble forecasts 
· Verification of probabilities

· Spread/skill relationships

· Rank histogram

· Reliability/Brier/ROC/Resolution

· Reference forecasts (climatology, persistence, statistical methods)

· Cost/loss value

· Sources of verification information

· Providing information on skill/ value to users

· Data needed for verification (observations)

Cases studies no3 
· Exercises – locally adapted, real-time and/or historical

· Capabilities and limitations of ensembles

· Forecast process (methodology)

· High Impact Weather example or Tropical Cyclone example

· Decision-making/Risk analysis

DAY 6

Cases studies no4 
· Exercises – locally adapted, real-time and/or historical

· Forecast process (methodology)

· High Impact Weather example or Tropical Cyclone example

· Decision-making/Risk analysis

Closing session 
· Discussion – Panel: All Lecturers 
· Recommendations – Wrap up

· Closing

Appendix 2: Example page from COMET CBT module
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Statistical Concepts



This section briefly reviews several basic statistical concepts you need to be familiar with so that you can understand and use EPS products, including statistical measures and their application in EPSs. All of these concepts are used by ensemble systems to generate products useful to forecasters and for evaluating and improving the ensemble system. For example, take a look at the products below. 





In order to use these products best, you will need to have a clear understanding of concepts like statistical mean, standard deviation, quartiles, and the median. An understanding of these and other statistical concepts is also important in interpreting verification products for ensemble forecast systems (or any NWP model, for that matter). If many of these concepts are familiar to you from prior statistics courses, you may be able to skim or skip the early parts parts of this section. However, the final three subsections, Using PDFs, Data Application, and Exercises, demonstrate the application of these concepts to ensemble forecasts, and will be useful to everyone. 

 

APPENDIX 3

Summary of meeting of Expert Group on THORPEX Implementation Plan (EG-TIP), Beijing, 13-15 September 2004 for WMO CBS ET on Ensemble Prediction

Introduction 

I attended the above meeting to represent the views of the CBS ET on Ensemble Prediction and to assess the THORPEX plans from a CBS viewpoint.  As an introduction to THORPEX, I quote first the Mission Statement: 

“Mission Statement - THORPEX: a Global Atmospheric Research Programme

THORPEX is an international research programme to accelerate improvements in the accuracy of 1-day to 2-week high-impact weather forecasts.  These improvements will lead to substantial benefits for humanity, as we respond to the weather related challenges of the 21st century.  THORPEX research topics include: global-to-regional influences on the evolution and predictability of weather systems; global observing-system design and demonstration; targeting and assimilation of observations; societal, economic, and environmental benefits of improved forecasts.  THORPEX establishes an organisational framework that addresses weather research and forecast problems whose solutions will be accelerated through international collaboration among academic institutions, operational forecast centres, and users of forecast products.”
For more detail, I quote also from the introduction to the TIP:

“Cg-LIV established THORPEX as an international research programme to accelerate improvements in the accuracy of 1-day to 2-week high-impact weather forecasts.  Research topics include: global-to-regional influences on the evolution and predictability of weather systems; global observing system design and demonstration; targeting and assimilation of observations; and social and economic benefits of improved weather forecasts.  

THORPEX establishes a contemporary organisational framework to address global weather research and forecast problems whose solutions require international collaboration between academic institutions, operational forecast centres, and users of forecasts. 
THORPEX will contribute to the development of future operational interactive forecast systems.      
THORPEX is developed and implemented as a part of the WMO World Weather Research Programme (WWRP).  The international co-ordination for THORPEX is established under the auspices of the WMO Commission on Atmospheric Sciences (CAS) through its Science Steering Committee for the WWRP and in collaboration with the WMO Commission for Basic Systems (CBS).  The THORPEX International Science Steering Committee (ISSC) develops the core research objectives with guidance from the THORPEX International Core Steering Committee (ICSC) whose members are either nominated by Permanent Representatives of countries with the WMO or appointed as representatives of institutions and organisations.  THORPEX is organised regionally with each region interacting to create the global programme.
The THORPEX International Programme Office (IPO) is established by WMO as an integral part of the Atmospheric Research and Environment Programme (AREP) Department of the WMO Secretariat and under the supervision of the Director of AREP Department.  
The THORPEX International Science Plan (Shapiro and Thorpe, 2004), hereafter the Science Plan, is the basis for the TIP.  The Science Plan establishes four interconnected sub-programmes: Predictability and Dynamical Processes; Observing Systems; Data Assimilation and Observing Strategies; and Societal and Economic Applications. 
Each of the Science Plan sub-programmes defines a series of research tasks.  The TIP summarizes the expected outcomes derived from completion of these tasks; it considers how these tasks may be accomplished, the levels of international cooperation required; the time required to completion; and an assessment of the resources required. 
The TIP defines a global grand ensemble to prototype a multinational, multi-model ensemble prediction system.  The TIP identifies a series of demonstration projects to establish the potential benefits of prototype interactive forecasting and observing systems. 
The TIP defines the contribution of the THORPEX programme to the International Polar Year (IPY).
The TIP connects the science opportunities of the International Science Plan with validated future operational requirements. 
The TIP responds to a key set of requirements from the operational forecast community.
The TIP Identifies priorities developed by THORPEX Regional Committees that are consistent with the THORPEX International Science Plan and the operational NWP requirements and reconcile the regional programs to the international plan.
The TIP identifies requirements for funding of key programme elements, including personnel, equipment for field programmes and other research activities.
The TIP establishes a roadmap for THORPEX activities. 
The TIP integrates THORPEX with other relevant programs and initiatives, such as WWW, Marine Meteorology and Oceanography Programme (MMOP), WCRP, WCP/WCAC, WMO Satellite Programme, WMO Programme on Natural Disasters Reduction and Mitigation, International Polar Year 2007-2008, Asian Pacific Climate Programme, as well as with other organizations (ICSU, IOC) and cooperative programmes identified.
The TIP identifies THORPEX as a major atmospheric research component and user of the Global Earth observing System of Systems (GEOSS).
The TIP establishes clear roles and responsibilities for all of the participants in THORPEX. 
The TIP summarises national commitments to key THORPEX activities.”

It is important to note that THORPEX is a research programme, and not an operational development, although it has a clear aim to lead to improvements in the operational forecasting of the future. 

TIGGE

A key part of the TIP is the establishment of TIGGE (THORPEX Interactive Grand Global Ensemble) and this has proved controversial in terms of whether it should be established as a quasi-operational tool or purely a research tool.  Indeed, this was the principal question which Joel Martellet posed to me when he asked me to attend the EG-TIP meeting on behalf of the ET, as he was concerned that there was no clear justification for the establishment of TIGGE as an operational system.  During the meeting there was much discussion on the form that TIGGE should take and the purpose of it (to the extent that it was not possible to fully conclude the business of the meeting in the 3 days allowed).  While complete agreement was not finalised, I would summarise the position with TIGGE as follows:

· TIGGE will be a multi-model global ensemble system formed by bringing together ensemble forecasts from a number of NWP centres in a common format.  It is likely that deterministic global NWP forecasts will also be collected to allow testing of the so-called Poor-Man’s Ensemble.  Some regional ensembles may also be included.  Centres likely to contribute forecasts to TIGGE include NCEP (USA), CMC (Canada), ECMWF, Met Office (UK), CMA (China), JMA (Japan) and BoM(Australia). 

· At least 2 regional data collection and archive centres will be established from which TIGGE data will be made available for research purposes.  It is likely that centres will be established in Europe (ECMWF), N. America and Asia (Japan).

· The main purpose of TIGGE is research to establish what benefit there is from such an ensemble, and how to obtain the best value from it in terms of societal and economic benefit. 

· To achieve research purposes it is not necessary that forecast data be provided or products made available in real-time in the initial stages.  However to facilitate efficient data handling and archiving it is likely that data will be processed in near-real time, within perhaps 2-days of real-time.  It is also noted that since THORPEX includes plans for several FDPs (Forecast Demonstration Projects) that TIGGE may need to be brought into real-time operation by around 2007-2008 to facilitate the FDPs.

· Need to establish TIGGE quickly to be ready for FDPs.  Mnay technical issues to be resolved – need to get Technical Advisory Group established very quickly.

· The purpose of THORPEX is to determine what form the future global interactive forecasting system should take.  While a global multi-model ensemble like TIGGE is currently thought to be the most likely candidate, this is a matter of research and THORPEX makes no assumption about what the outcome will be.  (Thus the answer to Joel’s question is that one of the key aims of THORPEX is to provide the justification that he requires.)

· Data in TIGGE should be stored without any post-processing.  Although it is likely that some post-processing of ensemble contributions will be required to get the best performance from the multi-model ensemble (such as bias correction), doing this prior to storing the data in TIGGE archives would greatly devalue the data for research purposes.

· Some major issues remain unresolved over the data to be provided to TIGGE.  In particular the research community would want to have around 3-years worth of forecasts with all the contributing systems frozen with no changes to models, perturbation systems etc. to allow them to generate statistically reliable and significant verification and decision tools, and to take some account of performance with interannual variability (eg ENSO phases).  This could, in theory, be achieved either by the contributing centres all agreeing to freeze developments of their systems over 3 years, or by back-running forecasts with fixed systems over 3 years-worth of past cases.  In practise most operational centres are unlikely to be willing or able to do either of these.  Back-running is likely to be too costly in computing terms alongside whatever operational systems they are running.  Freezing systems prevents them introducing new developments to their systems, and many of the centres are still at a relatively early stage of developing systems and are not therefore likely to be ready to do this for several years – it would be difficult ever to get all centres ready to do this at the same time.  (It is worth noting that while the research ideal is quite correct in its motives, the reality of any future operational system is that components of the system would change on a regular basis, and so any future operational implementation would require strategies for getting the maximum benefit out of non-frozen systems.)  No resolution was reached on this issue, and it is possible that the difficulty in achieving the ideal will make it difficult to engage the academic community in research using TIGGE.

Targeting and Adaptive Observations

Another major theme of THORPEX is adaptive observations as a key to future developments of the observing system.  Early discussions centred around in-situ obs from research aircraft, extra sonde ascents, and various new systems.  These are all still important, but there is an increasing focus on adaptive use of satellite observations, making using of targeting to optimise the thinning of the vast quantities of satellite data.

Engagement of the Academic Community

A recurring issue throughout the meeting was the engagement of the research community.  Considerable concern was expressed that THORPEX has not yet managed to gain a profile in the plans of any major research institutions, and in particular the national science academies and funding agencies.  Without this it will not be successful in engaging the academic community.  This was blamed partly on a perception that it is driven too much by the needs of the operational centres, although it was also noted that if the results are to successfully feed through to societal benefit then it must meet the needs of the operational centres. 

It is crucial to engaging the academic community that the THORPEX Science Plan (written by Alan Thorpe and Mel Shapiro) provides the opportunity for academics to address problems of their choice which are of interest to them, while at the same time addressing the needs of the operational community to improve forecasts.  There was a lot of discussion in the meeting about this, and many criticisms of the science plan were raised.  This led to much delay in the meeting, and in the end it was necessary for the Chairman to stop further discussion on the Science Plan and focus only on implementation of the plan as given, which is the role of the EG-TIP.  However these issues will need to be resolved for THORPEX to be successful.

Other Aspects of the TIP

A lot of time was spent discussing the management structure for THORPEX, which again stressed the balance between operational and research requirements, the emphasis being on science. Agreement was reached on this.

THORPEX spans forecasts in the range 1-14 days.  By including week 2 this provides some overlap with monthly and seasonal forecasting and the need to use coupled atmosphere-ocean models.  It was noted that some of the most serious forecasting problems still occur in 1-day forecasts.

Infrastructure requirements will be very high, particularly to support TIGGE.  Particular issues will be: 

· availability of computing resource in both academic and operational centres,

· telecommunications for data exchange and access

· data archiving

· academic access to models, adjoints, data assimilation systems, observations, etc

There will be a need to get the Technical Advisory Panel set up and active very quickly to resolve these issues.

Sand and Dust Storms

At the end of the meeting there was a brief joint session with a separate meeting on Sand and Dust Storm forecasting.  It was proposed that this was a potential application of TIGGE, or at least of ensemble inputs and parts of TIGGE – participation may be limited to those centres whose models can simulate sand and dust aerosol.  There was also a brief demonstration of some of the latest generation satellite observations which can show sand and dust in the atmosphere even at night-time, and which may be useful for data assimilation in future modelling developments.

Relevance of THORPEX and the TIP for the ET on Ensemble Prediction

It is worth concluding with a few comments on THORPEX for the ET.  As part of CBS the ET is primarily concerned with operational systems and availability of operational data.  As is clear from the above, THORPEX is, at this stage, a research experiment and operational implementation is likely to be some way off.  Suggestions of early implementation are contentious.  However it is worth noting that there was general agreement that near-operational use was beneficial in order to handle the large quantities of data required to support the TIGGE idea.  Furthermore, if TIGGE is to be used and tested in FDPs (forecast demonstration projects) within THORPEX then it will need to be operating on operational timescales within 3-4 years, so it is likely that some quasi-operational data could become available during the course of the project.  The ET may like to request that such data be made available for evaluation and assessment by WMO members as part of the research effort.  In the longer term, if the TIGGE idea proves successful, this may lead to much better access to ensemble data for WMO members. 

