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Summary and purpose of document

EPS is becoming increasingly integrated in operational NWP systems in the more advanced centres. Regional EPS is developing rapidly, as are applications and ensembles of application models. The ET-EPS has not met since the last meeting, but the Chair has been active in representing the needs of the operational user community in plans for GIFS-TIGGE, and in the development of the SWFDP. The method of cascading data from global centres through regional guidance centres to NMHSs developed for the SWFDP is seen as a good model for the future development of GIFS. There is an urgent need for a meeting of the ET-EPS to review developments and the plans for GIFS-TIGGE and to provide the Chair with an agreed brief for future strategy.
Action Proposed  

The meeting is invited to review the report and make recommendations as appropriate.

1. Introduction
1.1 The ET-EPS has not met as a team since its last meeting in February 2006 which was reported at the 2006 meeting of the ICT-DPFS. As a result the activities of the team have mainly been carried out on its behalf by the Chairman, Mr Ken Mylne (Met Office, UK), who has attempted to represent the views of the team in a number of interactions with other WMO activities.
2. Progress with EPS Development
2.1 Ensemble Prediction Systems (EPS) continue to become increasingly integrated into the GDPFS, both nationally in the more advanced NWP centres, but also through use in collaborations and WMO projects which increasingly make EPS data available to some of the less-developed WMO members. Whereas a decade ago EPS was considered only as a tool used with global models to understand the uncertainty in mid-latitude synoptic-scale development in the medium-range of 3-10 days, EPS is now being used with regional models for short-range forecasting and is being coupled to a range of ensemble impact or application models such as storm surge and atmospheric dispersion.
2.2 In many of the more advanced NWP centres EPS is becoming an essential component of the complete NWP system, rather than a low-priority supplement. In the UK Met Office, for example, the long-term plan is to run all NWP in ensembles to provide the complete forecast distribution. In the shorter term it is intended to cease having a higher resolution deterministic forecast from the regional model and move towards having only a regional ensemble at around the current deterministic resolution. Related to this, centres are increasingly planning to use ensemble data to improve the quality of data assimilation schemes, whether by using an Ensemble Kalman filter directly or by using ensemble information to quantify background error statistics in 4D-Var. In either case this means that having an effective EPS becomes an essential requirement of a top-quality NWP system.
2.3 Regional EPS – Increasing numbers of centres are now running regional ensembles with LAMs (Limited Area Models) to assess the uncertainty in more local weather on short-range timescales. Some centres such as the Spanish Met Service approach this by running a number of different models from different initial and boundary conditions taken from different NWP centres. Others such as the UK Met Office and NCEP (USA) are developing perturbation methods explicitly designed for the LAM ensemble. Some regional ensembles provide essentially a downscaling of the uncertainty information from a global ensemble by taking low-resolution perturbations from the same ensemble providing the boundary conditions; others attempt to generate perturbations explicitly designed for the higher resolution regional model, although as yet it is not clear whether this provides any improvement in performance over a downscaling approach.
2.4 Convection-allowing ensembles – many of the more advanced NWP centres are now experimenting with high-resolution non-hydrostatic mesoscale models with grid-lengths of around 1-4km which are capable of explicitly resolving some aspects of convection. While these models open the possibility of forecasting more information on the location and intensity of convective storms, they also incorporate additional highly non-linear development processes which can be expected to lead to chaotic development and forecast uncertainty. Useful forecasting is therefore likely to require the use of ensembles, and some centres are looking towards doing this in the future. In the USA the National Severe Storms Laboratory is already experimenting with convection-allowing ensembles as part of its annual Spring Programme of quasi-operational research. The UK Met Office is planning to introduce a small experimental ensemble with a 1.5km model over the UK in 2011.
2.5 Multi-model Ensembles (NAEFS and THORPEX-TIGGE) – The USA and Canada have implemented an operational multi-model ensemble system by combining outputs from their global ensembles and generating joint products for the north American region. The TIGGE project under the THORPEX programme is providing a larger non-operational database of forecasts from around 10 different ensembles for research purposes. Recent research is starting to show promising benefits of multi-model ensembles for surface weather parameters such as surface temperature – benefits for large-scale parameters like 500hPa Geopotential are minimal compared to the best single-model ensembles.
2.6 Surface weather parameter and high-impact weather – in the early years of EPS development, verifications and products were centred around the ability to forecast medium-range synoptic scale evolution, with the emphasis on performance for 500hPa height for example. Today there is much more emphasis on surface weather parameters of interest for day-to-day weather forecasting, and on the ability to forecast high-impact or severe weather. Forecasting severe weather makes verification much more difficult because of small samples, but is more relevant to the users and should be strongly encouraged. 

2.7 Severe weather diagnostics – a number of new diagnostics have been developed to aid application of EPS in forecasting, particularly for severe or high impact weather. ECWMF has the EFI (Extreme Forecast Index) which identifies when the entire EPS distribution is extreme compared to the climate distribution as an alert to severe weather risk. The UK Met Office has developed a range of feature-based diagnostics such as tracking of both tropical and extra-tropical cyclones and frontal systems, which help forecasters to interpret ensembles in terms of synoptic features. Such developments help greatly in the application of EPS for operational forecasting, and are to be strongly encouraged.
2.8 Specialist ensembles – a few centres are starting to run ensembles designed specifically to address uncertainties in aspects of the weather of particular importance to them. For example the Japan Meteorological Agency (JMA) is running an ensemble targeted specifically at improving forecasts of tropical cyclone (typhoon) tracks.
2.9 In Europe the EU Project PREVIEW has developed a multi-model ensemble-based Windstorm warning system which provides alerts and forecasts for strong wind events up to 5 days ahead at a large number of sites around Europe. See www.preview-windstorms.eu (username: nms, password: welcome2). Ensemble-based flood forecast systems are also in place for some large river catchments. 

2.10 Ensemble data provided a key element of the NWP information supplied from global centres (ECMWF, NCEP (USA), and the UK Met Office) to the RAI Severe Weather Forecasting Demonstration Project (SWFDP) covering southern Africa. Ensemble products helped forecasters to pinpoint the areas at greatest risk of heavy rain and strong winds, with much extended forecast lead-times. The ECMWF EPS-based Meteograms were reported to be particularly useful.

2.11 Application ensembles (eg. dispersion, storm surge, wind power) – As ensembles become more established in forecasting systems there is increasing interest in propagating the uncertainty through application models to estimate the uncertainty in the impact of the forecast weather. This is most appropriate where weather is the dominant source of uncertainty in the application forecast, but even in other circumstances can be used as part of a wider ensemble effort, or to isolate the uncertainty due to the weather. ECMWF has long included ocean wave forecasts in its EPS, and other centres are developing wave model ensembles. Storm surge prediction for coastal flooding is an ideal application where weather provides the dominant source of uncertainty. Around the North Sea the UK Met Office is running a storm surge ensemble driven by weather inputs from MOGREPS, and the Dutch Met Service KNMI is doing the same using weather from the ECMWF EPS. In pollution dispersion modelling weather is only one of several sources of uncertainty – others include the source characteristics for example. Nevertheless dispersion models can be run in ensembles by combining outputs from multiple dispersion models, or by running ensembles with the same model using ensemble forecasts of the driving meteorology (eg The UK Met Office is running ensemble forecasts with the NAME model driven from either Met Office MOGREPS or ECMWF ensemble forecasts for the EU project PREVIEW.) There are many other possible applications which are either under development or are being considered for future development, such as wind power production forecasts, energy demand modelling, road-ice modelling and clear-air turbulence for aviation.
2. Co-ordination with PWS Programme

2.1 At the last meeting of ICT-DPFS the ToR of ET-EPS was updated to note that coordination is needed with the Public Weather Service programme regarding their requirements for EPS products that support probabilistic forecasting. This was addressed through a joint Expert Meeting on  the Application of Probabilistic Forecasts held in Shanghai, China from 24-28 September 2007. This meeting was organised by the PWS Programme and was chaired by Mr Ken Mylne  (Met Office, UK) representing the ET-EPS and ICT-DPFS. 
2.2 The main product from the Expert Meeting was a document setting out a set of Guidelines on Communicating Uncertainty which are published on the WMO website at http://www.wmo.int/pages/prog/amp/pwsp/documents/TD-1422.pdf 
2.3 While the guidelines prepared at the Expert Meeting in Shanghai provide a good starting point for communication of uncertainty, it is expected that there will be a continuing need for collaboration with the PWS Programme as ensemble forecasts become more integral to the GDPFS. 
2.4 Training of forecasters in the use of new products such as EPS products would benefit from being integrated with the PWS programme training. Some cooperation has already been successfully undertaken, particularly in the training for the SWFDP, but future training should aim to further integrate the DPFS and PWS training programmes.
3. Co-ordination with THORPEX 
3.1 At the last meeting of ICT-DPFS the ToR of ET-EPS was updated to note that coordination is needed with research and development activities such as THORPEX that they should recognize existing operational NWP/EPS production and be advised on operational implementation issues, where relevant. To provide this co-ordination, Ken Mylne as Chair of ET-EPS has participated as an observer on the GIFS-TIGGE working Group responsible for the development of the GIFS (Global Interactive Forecast System) Plan. GIFS is anticipated to be the next major development of the global NWP capability under WMO, providing improved access to NWP data in the form of multi-model ensembles for WMO members. The aim of Ken Mylne’s contribution has been to ensure that the GIFS plan is realistic and useable in an operational framework.
3.2 TIGGE-LAM – Ensemble forecasting is becoming increasingly recognised and used as a tool for short-range forecasting using regional models as well as for medium-range using global models. There is therefore growing interest in whether collaboration through the combination of over-lapping regional ensembles to form multi-model ensembles could be a useful way of providing improved short-range forecasts, in the same way that TIGGE aims to provide improved global medium-range forecasts. To coordinate efforts on regional multi-model ensembles, the GIFS-TIGGE WG has created another working group to consider LAM (Limited Area Models) efforts – TIGGE-LAM. Ken Mylne is a full participating member of the TIGGE-LAM WG to represent the ET-EPS and the needs of WMO members (as well as the interests of the UK Met Office.)
3.3 Work on coordination with THORPEX is described in more detail in Document 7(2) on Cooperation with CAS/THORPEX. 
4. Support for SWFDP
4.1 The Severe Weather Forecasting Demonstration Project (SWFDP) has been highly successful in demonstrating how forecast information can be useful cascaded from the most advanced centres to reach some of the least developed and least resourced NMHSs and aid in the provision of critical severe weather forecasts and warnings. A key part of the information cascaded in the initial project in RA I (Southeast Africa) was a variety of ensemble forecast products, and in many cases this was the first opportunity that forecasters in the NMHSs had had the opportunity to see and learn about ensemble products, especially products for their own regions. 

4.2 Ken Mylne, as Chair of ET-EPS, sits on the Steering Committee of the SWFDP, and has sought to ensure that EPS data is at the core of the data cascaded. The Steering Committee met in Geneva in March 2008, and some highlights are listed in paragraphs 4.7 To 4.14 below. 

4.3 Ken Mylne also took the opportunity to visit the forecast office in the leading regional centre for the RA I SWFDP, at the South African Weather Service (SAWS) in Pretoria during a WMO-funded visit to SAWS to attend the GIFS-TIGGE WG. Coincidentally this meeting was the week before the SG meeting so provided a timely opportunity to see the ensemble products in operation, and discuss the experience of using them with the forecasters. Some conclusions are listed in paragpahs 4.4 to 4.6 below.
4.4 Forecasters were very enthusiastic about their experience of the SWFDP. They clearly found it a worthwhile and rewarding exercise, and were very appreciative of the additional data supplied by the cascading process.
4.5 Both ECMWF and MOGREPS ensemble forecasts were found to be very useful for pinpointing areas most likely for heavy rain and strong winds. The ECMWF EFI (Extreme Forecast Index) was useful in highlighting areas at risk. However, some products which are found to be very useful in the producing centres (where EPS usage is more established) were under-used, and further training may be required to ensure that SWFDP products are used to their full potential. Some additional parameters and thresholds were proposed.
4.6 One problem expressed was that products designed for use in the extra-tropics were not always well-suited to use in tropical areas. Some additional products were proposed for use specifically in the tropics, notably CAPE, precipitable water, upper divergence and low-level moisture convergence. The possibility of developing some feature-based diagnostics for tropical convection, such as objective diagnosis of convergence lines, was also proposed. 
4.7 The overall summary of the SWFDP was that it had been successful in cascading information and had made a real difference to capability in southern African NMHSs. There is strong support from MASA (Meteorological Association of Southern Africa) and a desire to see it made permanent and operational for the whole region. This view was supported by the SG.

4.8 Objective verification is almost non-existent due to shortage of suitable observations. Evidence of success was largely based on subjective assessment. It is not known what would have happened, or what warnings would have been issued, without the SWFDP.
4.9 The success was very dependent on the very strong support and contribution of SAWS which did an excellent job as a regional centre. Without such a strong and proactive centre other projects may not be so successful.
4.10 Another critical root of the success was the training programme run as part of the project. This was often the first time many forecasters had received training on ensemble products, and in some cases on any NWP products. The training was highly praised. For continued success of the on-going service as it becomes operational it will be necessary to provide regular training, at least annually, to update forecasters and train new forecasters joining the system. Training should also be reviewed to ensure that forecasters are making the best use of the full range of products available.
4.11 It was felt that the use of the data beyond the NMHS was limited, and that there was insufficient engagement with Disaster Risk and civil protection authorities as the end-users. 
4.12 The SC supported the continuation of the southern Africa project with an expansion to include all the NMHSs in the region. It also supported the establishment of two further projects in the Pacific Islands and in South America. 

4.13 There was support for the development of improved diagnostics for ensembles and deterministic NWP appropriate to tropical weather systems, although it was noted that no resources are available and this would be dependent on development work in the global centres.

4.14 There were interactions at the SC meeting with several other WMO programmes (Disaster Risk Reduction, aviation, marine and flood risk) which wished to engage with the SWFDP to expand its success to their own programmes. While the model used for the SWFDP was strongly supported for use in other areas, direct expansion of the SWFDP to incorporate other areas was largely resisted to avoid the project growing too large too quickly and risking becoming unmanageable.
5. Training
5.1 The main training activity of WMO for EPS in the last two years has been that associated with the SWFDP. This was seen as a critical part of the success of the SWFDP (see para 4.10 above) and in many cases provided forecasters with their first contact with ensemble forecast products. This is a significant improvement over some previous WMO training programmes on EPS where forecasters were inspired to use ensembles but had no access to suitable products for their regions on their return to their home stations. The need for ongoing training is recognized, and the concept of training the trainer should also be employed where possible.
5.2 Some EPS training has been included in training workshops on NWP, but no specific ensemble training workshops have been held in recent years.

5.3 As noted in para 2.4, it is essential that EPS training reaches the forecasters who provide the essential services. Future training should be integrated within the PWS, SWFDP and similar training programmes rather than being run in isolation.
6. Future Plans
6.1 The main issue going forward is the development of GIFS-TIGGE and the potential operational spin-offs from that. The key role of the ET-EPS should be to ensure that research is directed towards systems and solutions which are operationally feasible and realistic, and which meet the needs of WMO members, particularly in relation to severe and high-impact weather. The method of cascading data from global centres through regional guidance centres to NMHS developed for the SWFDP is seen as a good model for the future development of GIFS.
6.2 To date ET-EPS input into GIFS-TIGGE and related areas has mostly been from the Chair, Ken Mylne, plus also from Zoltan Toth in his role as co-chair of the GIFS-TIGGE WG. As there has not been a meeting of the ET-EPS since Feb 2006 there has been little opportunity to discuss the issues and provide a brief for the Chair so he has had to act largely on his own judgement. It is therefore highly desirable that funding should be made available for an ET-EPS meeting to review the CBS requirements and provide an agreed brief to the Chair on future strategy. To this end a proposed Agenda for an ET-EPS meeting has been drawn up by the Chair (Ken Mylne) and the Secretariat (Peter Chen) – see Annex. 

Annex - 
Draft Proposal:  

Meeting of CBS Expert Team on Ensemble Prediction Systems (ET-EPS) 2008-09 

(prepared by Mr Ken Mylne, Chairperson of ET-EPS)

Issue and proposal 

The ET-EPS last met in February 2006.  CBS and Congress continue to express high degree of interest and priority to enhance the use of forecasters of EPS-based products from GDPFS Centres especially for severe weather and probabilistic forecasting.  This is a proposal to hold a meeting of the Team prior to CBS-XIV, to coordinate activities in a number of EPS area that have advanced since the last meeting, in particular to address the needs of  enhanced weather forecasting expressed by WMO Members (WMO Strategic Plan’s Expected Result 1).  

The key aims of the meeting are to:

· Propose and plan activities (CBS-CAS linkages) to ensure operational benefits are realized from the THORPEX research programme, including to review the GIFS-TIGGE plan for operational benefits, and provide feedback to the THORPEX research programme on the identified gaps in operational capability of EPS that require on-going research 

· Improve the use of EPS in the Severe Weather Forecasting Demonstration Project (SWFDP)  

· Further develop guidance materials for forecasters on use of EPS products  

· Review the Terms of Reference of the ET-EPS relative to accomplishments and future priorities 

Draft Provisional Agenda

The following draft agenda of items is proposed for the meeting, which would likely require a 4 to 5 day meeting.  

1. Opening

2. Organization of meeting 

3. Brief review of the key research outcomes of THORPEX, achieved and anticipated, and their benefits for operational EPS

4. Review the Terms of Reference and progress of EPS since the previous meeting, in particular the emergence of high-resolution regional EPS

5. Review the emerging GIFS plans for their operational practicality and potential benefits

a. Prepare feedback on the GIFS plan for the THORPEX programme

b. Prepare proposals for PWS and DRR on the potential benefits of GIFS.

6. Review plans for TIGGE-LAM 

a. Prepare feedback on TIGGE-LAM plan to ensure the practical usability of emerging proposals

b. Prepare guidance for CBS on the potential benefits of TIGGE-LAM and the ability to spread benefits beyond the producer nations

7. Review the use of EPS in the SWFDP 

a. Review the existing products for severe weather prediction, the benefits of a risk-based approach and the spreading of EPS products to less-developed countries

b. Consider the requirements for additional products to support severe weather forecasting in different parts of the world

c. Prepare a user-requirement document for THORPEX for R&D to support improved severe weather prediction from EPS, particularly in the tropics.

8. Developing Guidance for forecasters on the use of EPS 

9. Close  

(Initially submitted by Ken 20 March 2008, revised by Peter 25 April 2008) 

