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Summary and purpose of document

This document includes the suggested changes to the Manual on the GDPFS by the meeting of the ET-EPS (February, 2006), to be brought forward as Recommended amendments to the Manual at CBS-Ext.(06) in November 2006. 

Action Proposed  

The meeting is invited to review the recommendations of the ET/EPS and make recommendations as appropriate.

1. MEETING of the ET/EPS

1.1 The CBS Expert Team on Ensemble Prediction Systems (EPS) met in February 2006 at the Met Office Headquarters in Exeter, UK. The meeting was opened by Mr Steve Noyes, Director of Production of the Met Office UK, who stressed its importance for all producing centres of EPS and for the customers of the EPS products.  The work continues to require collaboration, among producers, scientists, forecasters, and the customers, while everyone continues to learn how best to use the products.  An important issue is how to best communicate probabilistic forecasts to the citizens so that they are conveyed correctly, and used effectively and confidently.

1.2 Much of the remainder of this report is a summary of the report from the Exeter meeting, condensed from the meeting report. A summary of recommendations is provided in section 13 below.

1.3 The Executive Summary of the meeting report is as follows: 

Executive Summary

Fourteen GDPFS centres around the world are running ensemble prediction systems (EPS), some are running multiple systems, and their products are of considerable interest to all WMO Members.  The interest continues to grow, EPS products being a realization of quantifying uncertainty in the numerical simulations and predictions of the atmosphere.  The continuing development of EPS, in terms of model resolution, methods of accounting for uncertainties, forecast ranges, and applications, means it has increasing importance as a vital tool for weather forecasting, and potentially on all time scales (short-range to long-range) of prediction.  CBS-XIII (2005) continued to recognize these trends and noted that guidance was needed on how to use EPS products in relation to those from deterministic models, in the preparation of forecasts and warnings.   At the same time CBS wished to develop forecasting standards and recommended practices; this could be achieved by developing a guide to the use of EPS in the weather forecasting process.  CBS encouraged members to access EPS products of GDPFS centres, and also invited these centres to provide the access information for their respective EPS web-sites.  The Expert Team recognized the continuing demand for training for operational forecasters on the use of EPS. It noted the success of recent training workshops and considered various approaches to provide further training in a cost-effective manner with sustainable results.  
The Expert Team reviewed progress made by EPS producing centres including their developments and implementations, products for international exchange, application to severe weather forecasting, verification standards and exchange through the Lead Centre, training, and coordination with THOPREX and GIFS/TIGGE.  

The Expert Team produced a text entitled: “Guidelines on using information from EPS in combination with single higher resolution NWP forecasts”, which is reproduced below.  

 * * * * * * * * * * * *

Guidelines on using information from EPS in combination with single 

higher resolution NWP forecasts 

Motivation 

Traditionally forecasters have focused their attention on finding the most likely solution for the future weather. This is the first and most important aspect of weather forecasting. As the lead time for forecasts increases, the uncertainty associated with the most likely solution generally also increases. Information about the uncertainty in the forecasts is critical for a large group of users. One way of assessing uncertainty in traditional single (or “control”) forecasts is through collecting verification statistics over a period of time, and using the error statistics as a way of providing a distribution of expected errors in a forecast. This process, however, assumes that errors for a given lead time are stationary. Operational experience shows that this is not a valid assumption. NWP-based ensemble forecast systems were designed, through dynamical methods, to quantify forecast uncertainty as a function of uncertainty in the initial conditions, in the NWP model, and the evolution of the atmosphere under different synoptic situations. The ET-EPS recommends the more widespread use of EPS systems to provide the best estimates of forecast uncertainty.  

Properly describing the uncertainty in any forecast requires the use of probability distribution functions (pdfs). An EPS can be used to form such a pdf in a consistent manner. Due to resource limitations, EPS systems involve many forecast integrations and therefore often have to be run at a somewhat reduced resolution. Questions arise as to the compatibility of information from a single higher resolution integration versus an ensemble of lower resolution runs. In particular, higher resolution integrations generally show a lower level of systematic error, and may simulate certain aspects or phenomena of the atmosphere with more fidelity (e.g., diurnal cycle, meso-scale features, frontal structures, etc.). Guidance has been sought by WMO members as to the proper use of high-resolution control and lower resolution ensemble information, in particular regarding when information from one or the other system may be more relevant and how they can be best combined/utilized in the forecast process.

Determining the most likely scenario 

The initially symmetric cloud of possible solutions that are centered around the control analysis in a set of ensemble forecasts deforms with time into an irregularly shaped cloud. This is due to nonlinear processes that necessarily displace the control from the center of the cloud.  The critical level of nonlinearity is reached sooner for smaller scale and/or more unstable phenomena. For example, in case of convective precipitation, linearity may be lost in a matter of hours, while large scale features may retain linearity for several days. 

A forecaster can assess how much weight to place on a single high-resolution forecast (or on the ensemble control) from the spread in the ensemble. Small spread in the ensemble provides confidence in the single forecast, while larger spread indicates that it is essential to include information on forecast uncertainty. If the single model forecast is significantly different from the ensemble mean, in relation to the spread, then very little weight should be given to the high-resolution forecast. 

As spread increases, it is less appropriate to rely on a single forecast as the most likely scenario (be it the high resolution or the control forecast of the ensemble). All solutions in the ensemble must then be considered when weighing the likelihood of different forecast scenarios. However, until the lead time where an ensemble indicates large forecast uncertainty, a high resolution control forecast can be utilized in the formation of the most likely scenario. Once nonlinearities become dominant, the high resolution control forecast should be considered only to analyze detailed structure of relevant phenomena indicated, but not necessarily resolved well by the lower resolution ensemble members. However, one should keep in mind that the higher resolution control has its own limitations (e.g. biases in two model resolutions may not be drastically different etc).  In less predictable situations the most likely scenario can be derived from the ensemble, e.g., the ensemble mean, median or mode.  

Assessing forecast uncertainty 

So far we have focused on the estimate of the most likely state of the system (first moment). Regarding the important issue of assessing the uncertainty in the most likely forecast (second and higher moments of the pdf), the lower resolution ensemble can be used. As long as the best estimate of the state is based on the ensemble solutions (including the equivalent resolution control that we consider as a member of the ensemble), the same solutions offer a proper way of quantifying forecast uncertainty. For example one can consider the 10, 50, and 90 percentile values in the ensemble distribution at any point and lead time as a simple measure of predictability. If necessary, additional percentile levels can be added, or a detailed pdf can be provided. If the forecaster’s best estimate of the state is based more on the high resolution control forecast, the range of ensemble solutions, with a good approximation, can still be considered for establishing a range of possible solutions as far as the scales resolved by the lower resolution ensemble are considered. Consider a thought experiment where an ensemble with the higher resolution model is run (that we cannot afford in real practice due to computer limitations). We expect that uncertainty regarding the larger scales resolved by the higher resolution ensemble would be very similar to that captured by the lower resolution ensemble. What will be missing from the uncertainty estimate derived from the lower resolution ensemble is related to the smaller scale details that are represented only by the higher resolution model.  

These guidelines were written as a first attempt to reconcile the concepts of using single high resolution forecasts and EPS in the weather forecasting process.   Many more tools than those described above are available at advanced centres including probabilistic forecasts, assessment of alternative scenarios (clusters, tubes, and other classification techniques).  Based on such a rich array of ensemble-based tools, the ET-EPS recommends more widespread use of EPS in weather forecasting.  

Developments on post-processing 

The aim of post-processing should be to produce a pdf taking account of information from both single high-resolution model run and EPS members.  In general it is expected that in short-range forecasts high weight will be attached to the high-resolution forecasts and lower weights to the perturbed members whereas for the longer range forecasts it is expected that similar weights will be applied to all members.  Post-processing methods to achieve this are under development. 

* * * * * * * * * * * * *

2. 
ET TERMS OF REFERENCE

2.1
The meeting discussed its terms of reference and concluded that while it is the CBS Expert Team on EPS, its focus is on operational implementation, use and applications of EPS, and that it is primarily concerned with all aspects of the EPS systems which forecast the weather on a daily basis (as opposed to longer-range forecasting where the average weather over a week or longer is predicted).  This effectively means that the team should provide advice on EPS in relation to probabilistic forecasts in the context of short- and medium-range EPS products, i.e., the forecast range up to 15 days.   The Expert Team recommended that its Terms of Reference be updated to reflect this scope related to time scale of interest.  

2.2
The meeting also noted that coordination is needed with other programme areas, such as with the Public Weather Service programme regarding their requirements for EPS products that support probabilistic forecasting, and also with research and development activities (e.g. THORPEX, development of verification systems) that they should recognize existing operational NWP/EPS production and be advised on operational implementation issues, where relevant.  

2.3
The Chairman remarked that the membership of the Expert Team should have more representation by NMHSs that do not run their own EPS, and which could represent active users of EPS products in their forecasting systems.  The meeting noted the possibility of invited experts to participate at expert team meetings, as appropriate. 

3. 
APPLICATIONS OF EPS

3.1
Ensemble Prediction Systems are not the only way to provide probabilistic forecast information.  Real EPSs provide far from perfect probability forecasts, especially for the surface weather parameters that are of real interest to end-users.  Statistical methods have existed for much longer than EPS and are normally much cheaper to run, so are more accessible to many WMO Members. To provide Members with good advice on EPS, it is not appropriate to promote EPS as the answer to all their needs, but to focus on where EPS has demonstrable advantages over other methods.  The main advantages of EPS over statistical methods of estimating forecast uncertainty are:

· a spread-skill relationship allows the estimated uncertainty to vary synoptically;

· better estimation of the probability distribution function in extreme synoptic conditions when statistical information is unrepresentative;

· ability to handle meteorologically consistent multi-variate probability distribution functions (e.g. joint probability of precipitation and low temperature);

· meteorologically consistent probability distribution functions at different points in time and space; 

· each ensemble member can be used to drive an application model (e.g. wave, hydrology, dispersion) to provide probabilistic forecasts of the application.

3.2
The meeting discussed the utility of EPS products in relation to the outputs of the single high resolution NWP run, referred to as the “deterministic” run that is usually of higher model resolution than that of the EPS members.  It was agreed that the two kinds of outputs should be examined together, that the EPS could provide an indication regarding the forecast range during which the high resolution “deterministic” run is likely to provide the best forecast, and when the EPS outputs should receive greater consideration.  The EPS outputs could be used to provide an estimation of uncertainty of the forecast.     

3.3
The meeting discussed the issue of using the EPS to generate a “confidence index” for forecasts and how to present it to the public. Components of the forecast may have different levels of confidence.  There is currently no consensus on how best to achieve this.   

4. 
EPS OUTPUT PRODUCTS REQUIRED FOR INTERNATIONAL EXCHANGE FROM GDPFS CENTRES 

4.1
The Meeting reviewed the current paragraphs in the WMO Manual on the Global Data-Processing and Forecasting System (GDPFS; WMO-No-485) relevant to EPS.  The Expert Team noted that some of the products on the list of products that have been specified for international exchange (Volume I, Part II, Appendix II-6, paragraph 4.1) are available on the Web-sites of some of the EPS producing centres.  Producing centres are encouraged to maintain their Web-sites, and provide up-to-date access information to WMO Members, e.g. via the Secretariat.  A very limited number of products from some centres is available on the GTS, but the team noted the capacity of the GTS severely limits its use for distributing EPS products.   

4.2
In addition to the existing EPS products required for international exchange listed in the Manual, the following additional kinds of graphical products are recommended to be added to the list:  

· Location-specific time series of Temperature, Precipitation, Windspeed, depicting the most likely solution and an estimation of uncertainty (“EPSgrams”) – the definition, method of calculation, and the locations should be documented.  

This product can be used in severe weather forecasting.  

4.3
Centres are encouraged to provide additional products related to severe weather forecasting such as the EFI developed at ECMWF.  The team noted that new products may not always have been fully assessed for all areas of the globe but that producing centres are encouraged to make them available with suitable caveats, and invite feedback.  

4.4
The list of EPS products required for international exchange, listed in the Manual on the GDPFS should be revised to incorporate this addition. It is recommended that the Secretariat revise this text for inclusion into the next revision of the Manual. 

4.5
The present list of EPS products for international exchange provides sufficient basic data to develop products in applications in the Tropics (e.g. Easterly waves), although the performance of the present EPS outputs are generally unverified for the Tropics. 

4.6

The meeting noted that while a number of diagnostic parameters or indices are defined in the literature (e.g. measures of stability for forecasting convective weather, e.g. CAPE, CIN), the method of computation based on NWP/EPS outputs have not been standardized.  The meeting recommended that such standards for calculation be developed so that product could be developed with a common method of calculation.  

4.7

The ET-EPS noted that the multi-center NAEFS project plans to begin the distribution of user specific end products on its web page in the second half of 2006.

5. SHORT-RANGE AND REGIONAL EPS SYSTEMS 

5.1

The meeting noted that increasing number of centres are developing and implementing regional EPS important in short-range forecasting.  By their nature, these products are limited in regional coverage, but regional exchange of these products is strongly encouraged.      

5.2

Short-range EPS systems are attempting to address forecast uncertainties in the prediction of localized weather parameters (e.g. precipitation) that are quite different in objectives and approach from those in medium-range EPS systems.  Different perturbation methods are being developed to account for forecast uncertainties in the parameterization of physical processes that are important to the prediction of surface weather conditions in the 1- to 3-day forecast range.  

5.3

There is encouraging evidence that high resolution regional ensembles can provide useful guidance on uncertainty in the forecast of local-scale surface weather parameters of particular interest in the short-range (e.g. windspeed, precipitation intensity, visibility).  

5.4

It was also noted positively that regional groupings of NMHSs are an effective approach to derive benefits from regional EPS systems for the group of countries and centres involved.  Example include:  

· the COSMO-LEPS which provides regional downscaling of ECMWF global ensemble;  

· The EUMETNET SRNWP-PEPS project (a poor-person’s ensemble combining data from different countries’ regional scale models), or 

· the South American centres that developed collaboration over the Plata region (MASTER Super Model Ensemble System),  

5.5
This concept of collaboration could lead to the development of regional specializing EPS centres that would provide EPS products for NMHSs in a geographical region.  

6. 
APPLICATION OF EPS FOR SEVERE WEATHER FORECASTING

6.1 
The forecasting of extreme weather events has become increasingly important in the last few years. The resolution of global EPS models is not sufficient to directly predict the intensity of severe events. Appropriate post-processing and calibration of EPS fields is required. While for specific events relevant diagnostics may be devised, a more general approach may also be useful. Although it may be difficult to predict absolute values, comparing an EPS forecast to a model climate distribution can indicate times when the EPS predicts an increased probability of an extreme event.

6.2
The meeting suggested that since EPS producing centres are developing and implementing diagnostic methods and products for severe weather applications for their national requirements, it could be useful to either extend some of these applications to other NMHSs or to provide access to their EPS products or datasets and assist other NMHSs to develop for themselves suitable tools for severe weather forecasting relevant in their own regions of interest.  Illustrative examples could be documented and made accessible to NMHSs.  The ET-EPS noted with interest the plans of the operational multi-center NAEFS to produce and distribute on its web site weather forecast information, including end products for use in severe weather warning activities.  

6.3
Experts from JMA, Met Office UK, CPTEC, and NCEP made presentations on how EPS are or could be applied to severe weather forecasting.  

6.4
JMA showed its EPS applications in its Tropical Cyclone forecasting system, and its Numerical Typhoon Prediction Web-site where it collects and processes track forecasts from 8 contributing NWP centres. An example of a new product “geographic forecast circle” is presented in the figure below. The team particularly liked this product because it displayed the synoptically dependent uncertainty available from the EPS compared to the circles from the climatological error statistics.   

[image: image1]
6.5
Met Office UK showed its EPS-based system for alerting forecasters in the cases of severe gales, heavy rain and heavy snow in the UK up to 5 days ahead.  The system recommends issuing of a warning when the EPS-based probability of exceeding a predefined threshold exceeds 60% (a limit agreed with severe weather warning customers).  It was noted that after calibration there is a good relationship between forecast probability and frequency of occurrence.  Most severe events can be forecast, but at low probabilities.  This means that decision strategies need to make effective use of low probability warnings.  

6.6

NCEP showed its application of the “relocation” technique that adjusts the initial central location of tropical storms for each EPS member to the actual location before the EPS run.  The introduction of this method has reduced the track error and uncertainty of the EPS-based tropical cyclone track forecasts in the short lead-time range (1-3 days).  The ensemble mean of the track forecast is consistently better than the track forecast of the single high resolution NWP run.  

6.7 
The Extreme Forecast Index (EFI) was developed for the ECMWF EPS, to help the forecasters to synthesize the deviation from climatology of the EPS forecasts. This EFI is an integral measure of the departure between the EPS forecasts and the reference climate distributions. The figure below shows an example of an EFI map that shows areas of potential extreme precipitation, 10m winds and 2m temperature on the same plot.  
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Extreme Forecast Index for 2-m temperature (colour shading), 10-m windspeed (diamonds) and precipitation (triangles),  predicted over Europe and the Atlantic valid 14 November 2004. 

6.8
Another method applied to severe weather forecasting is dynamical downscaling using regional models to resolve greater detail in weather parameters particularly over topography.  A good example of this is the COSMO-LEPS which was developed to focus on forecasting precipitation events over the Alps.  

7. EPS VERIFICATION 

7.1
JMA presented its report as the WMO Lead Centre for EPS Verification.  Since January 2004, JMA has operated two Internet sites: a FTP-site (ftp://ftpepsv.kishou.go.jp/ ) for gathering the statistical data of EPS verification, and a Web-site (http://epsv.kishou.go.jp/EPSproducer/ ) for their publication.  The Lead Centre prepared and made available at the Web-site a set of guidelines on the exchange and use of EPS verification for the registered EPS producing centres.  Currently, the Web- and FTP-sites are password protected and accessible only by the registered centres. The meeting recommended that access to the Web-site should be available to all WMO Members.  
7.2
The meeting noted that JMA, ECMWF, CMC, and KMA have been providing their verification data to the Lead Centre and encouraged the other producing centres to commence providing their verification data to the Lead Centre as soon as possible.  
7.3

The meeting decided that the details of the required verification for exchange should be posted on the Lead Centre for EPS Verification Web-site.  The meeting requested the Lead Centre for EPS Verification to update the Guidelines to include the full details on how to generate the verification data for international exchange, as stated in the Manual on the GDPFS.  

8. 
RECOMMENDED CHANGES TO THE MANUAL ON THE GDPFS (WMO‑NO. 485) ON EPS VERIFICATION 

8.1

The Expert Team reviewed the current text in the Manual of EPS Verification and discussed the kinds of verification data and information that the producing centres should provide and exchange internationally. The Team concluded that several revisions were needed in the Manual and recommended a new revised text for replacement of the existing text; the recommended revised text is found in Doc 4(2).  

9.
TRAINING ACTIVITIES AND NEEDS 

9.1
The meeting reviewed the various reports prepared by instructors and the Secretariat of the two training workshops on EPS, conducted in Brasilia for RA III and RA IV in January 2005 and in Shanghai for RA II and RA V in April 2005 following guidelines from the 2003 meeting of the ET.  In addition, the topic of EPS was added to a training event in RA I (Africa) on GDPFS products.  It was noted that at CBS-XIII (2005), there continued to be demand for training in this area.  

9.2
In summary the following key points were made in these reports:  

· Training was very well and enthusiastically received by the participants.       

· There is a need to develop more regional case studies to help demonstrate and to explore or practice the use of EPS products within the context of forecasting processes used at NHMSs in different parts of the world and applied to different forecasting problems;   

· Case studies developed in a Computer Aided Learning (CAL) modules can be used in self-directed distance-learning approaches, or be re-used in subsequent training events; 

· Some more advanced participants could provide training to their colleagues back at their home offices following their participation at the training workshops.     

· Participants would like to have scientific support and exchange and follow-up after the training event.  

· Participants appreciated both the materials on the subject matter of EPS and probabilistic forecasting, as well as instruction on how to use the Internet tools to access relevant Web-sites where they can obtain EPS products and related information;

· Language of the available training and training materials (e.g. CAL modules) is an issue.  

9.3

Despite this positive feedback, the meeting expressed some concern that without positive activities following the course to implement the procedures learned, the benefits of training could be rapidly lost.  Students should be encouraged to develop and implement an operational EPS application on their return to their home office to reinforce the learning and show the benefits.   The meeting encouraged the Secretariat to develop a post-training questionnaire to seek feedback from the participants that would permit an assessment on how effective the training was in terms of longer lasting benefits related to the use of EPS products in the forecasting process.  

9.4
The meeting noted that training on EPS is still in demand and that while dedicated training courses should still be undertaken in the future to meet the need, it recommended that other complementary approaches to providing EPS training could be considered.  They include: 

· EPS producing centres or centres that have experience in using EPS products host “international training desks” to conduct a programme of on-the-job training for forecasters from other countries or centres (follow the example of NCEP);   

· Develop and support trainers at WMO Regional Meteorological Training Centres; 

· Develop a series of questions and answers on probabilistic forecasting and EPS products.  

· Develop a pool of subject experts who are particularly well suited to provide support to forecasters or to provide lectures when the opportunity arises;  

· EPS and probabilistic concepts, as subjects, should be substantially included in any training event on NWP or GDPFS products;  

· Develop and document some examples of how advanced centres have implemented EPS into their operations and how they have benefited.  

These approaches could reinforce the initial training acquired at training workshops.  

9.5
The concept of including uncertainty in all forecasts needs to be promoted to decision makers and managers who in turn could set new requirements for probabilistic forecasts as part of weather information, forecasts and warnings.  The team recommended activities to promote the introduction of requirements of forecast uncertainties in addition to the provision of the most likely scenario at the NMHSs.  

10. THORPEX/TIGGE AND THE POTENTIAL BENEFITS FOR THE GDPFS PROGRAMME OF THE WORLD WEATHER WATCH 

10.1
THORPEX is a research programme operating under WWRP but is of great interest to CBS because it aims to research (and develop) a new global interactive forecast system (GIFS) over the next 10 years, so operational NMHSs represented by CBS are interested in the potential for new products and services. 
10.2
Of particular relevance to the ET-EPS is the TIGGE project which aims to create a database and archive of multi-centre ensemble forecasts, as this has the long-term potential to make ensemble forecasts available to WMO members. However, the main purpose of Phase 1 of the TIGGE project is to generate an archive for research purposes and it will not provide real-time access to ensemble forecasts. Beyond Phase 1 real-time access may be provided.  The Expert Team recognizes the potential benefits and encourages CBS to input to the planning of this work to ensure meeting future operational requirements of WMO Members.   
10.3
Potential areas for interaction identified by the ET were:
· Data Assimilation and Observation Strategy – this WG will look at benefits of the targeting of observations and will need to interact with operational centres for case-selection.  EPS data will be required for sensitive-area prediction as well as for case selection; 

· GIFS-TIGGE – this WG will initially oversee the development of the TIGGE archive, but in the longer term will aim to build the prototype GIFS system. It will be particularly important for the ET-EPS and CBS to develop links with this WG to ensure that the GIFS meets the needs of operational centres and that operational centres are aware of the potential benefits of GIFS so that they can plan to exploit them.

10.4
Two current members of the ET-EPS are also members of the GIFS-TIGGE WG and will provide a link to ensure the interests of CBS are communicated within the WG. 
10.5
WMO Member NMHSs should be encouraged through CBS to:
· Participate in research programmes by looking at TIGGE data and participating in evaluation

· Operational centres should consider the need to be prepared for the GIFS developments in their planning and budgeting processes; 

· Participate in pre-operational tests.

11. 
GUIDANCE ON THE USE OF EPS FOR WEATHER FORECASTING AND WARNINGS

11.1

In relation to the need to develop “forecast standards and recommended practices” the Expert Team considered the idea of developing a guide for the use of EPS products.  Such a document could include a glossary of terminology commonly used in EPS (e.g. “deterministic” forecast versus EPS forecast), various kinds of EPS products including examples, and how best to use these products in a forecasting process.  As an initial step, the expert team could develop a Table of Contents, with explanatory text for the major sections of such a guide, possibly extracting useful sections of existing user guides (e.g. ECMWF).  Such a guide could be developed by a qualified consultant.  It was felt that a guide could be used in training and also as an ongoing reference.  

11.2

The team developed a brief statement on the combination of EPS information with that from a single high-resolution NWP forecast. This has been reproduced above in the Executive Summary.

12. 
FUTURE TASKS FOR ET-EPS  

12.1
The meeting noted that the present WMO Manual on the GDPFS (WMO-No.485) does not make reference to statistical post-processing of EPS outputs, while these aspects are important in the enhancement of the accuracy and reliability of the final EPS-based products. Future tasks could include focus on post-processing and applications of the EPS and how to integrate them into the forecast system.  

12.2
Participate in the preparation of a guide to the use of EPS, as recommended in 11.2 above.

12.3
Participate in THORPEX planning and Working Groups to ensure that research is focussed on the needs of operational forecasting, and that any new GIFS (Global Interactive Forecast System) is suitable for operational implementation and application.

12.4
Review the outcomes from THORPEX research and advise on practical implementation in operational systems.


12.5 
Definition of standards for certain standard EPS products (eg EPS-grams, presentation of cyclone tracks and strke probabilities, calculation of probability, calibration methodologies, etc.) to ensure compatibility of EPS products supplied to WMO Members by different centres.

13. 
SEVERE WEATHER FORECAST DEMONSTRATION PROJECT

13.1 
The chair of ET/EPS participated in the Steering Group meeting for the CBS Severe Weather FDP in December 2005. The key structure behind the FDP idea is a cascade of forecast information from global NWP centres through regional centres which may run regional NWP, to participating NMHS’s, to provide the benefit of the latest NWP developments, including EPS, to the NMHS’s. 

13.2 
The FDP is discussed in more detail in Item 5 of this meeting. I note here only that the global centres chosen to participate in the first demonstration project were chosen partly for their ability to supply EPS products. The FDP will therefore provide an excellent opportunity for the dissemination of expertise and experience in the use of EPS. Some training in the use of EPS is likely to be required during preparation for the FDP, both at the regional centre (Pretoria) and at the NMHS’s.

14. SUMMARY OF KEY RECOMMENDATIONS

14.1 CBS should seek representation on the key Working Groups and Steering Committees of THORPEX to ensure that the research meets the needs of future operational systems, and that the benefits of new developments are made available to WMO Members as early as possible.

14.2 The ET EPS made recommendations on changes to the WMO Manual on the Global Data-Processing and Forecasting System (GDPFS; WMO-No-485) covering both products for distribution and verification of EPS forecasts. These recommendations are described separately in CBS/ICT-DPFS/Doc. 4(2).

14.3 The concept of including uncertainty in all forecasts needs to be promoted to decision makers and managers who in turn could set new requirements for probabilistic forecasts as part of weather information, forecasts and warnings.


14.4 The concept of using Severe Weather Forecast Demonstration Projects for the demonstration and dissemination of the benefits of EPS in civil protection is strongly supported.


14.5 Training activities on EPS arranged by CBS have been effective and popular, but there is an on-going requirement. Training needs to be reinforced with on-going activity if the benefits are to be realised, and participants should be encouraged to develop ensemble applications on their return to their home offices. Further training materials, particularly case studies, are required to help demonstrate the use of EPS. CBS should consider some alternative approaches to delivery of training.


14.6 CBS should consider the development of a Guide to the Use of EPS which could be used in training and as a reference text. The guide should include an explanation of the concepts and terminology, examples of products and of how they are applied in practical forecasting. 


14.7 Access to the website of the WMO Lead Centre for EPS Verification should be made available to all WMO Members.


14.8 ET-EPS activities have, to date, been largely driven by the members of the ET. There has been relatively little “User Requirement” input from other CBS programmes such as PWS. A stronger liaison between programmes would be beneficial in ensuring that the ET answers the right questions.
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Example of geographical type of probabilistic TC warning.  Dots are TC positions derived from 25 forecasts in the JMA One-week EPS.  Solid and broken circles indicate the type in the development stage and the current stage, respectively.  Red, green, and blue represent the lead-time of 24, 48, and 72 hours, respectively.  Ensemble TC tracks (colored lines) up to 5 days derived from the JMA One-week EPS and the corresponding observed track (black line) are also shown on the lower right panel.
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