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ECMWF contributions to the GDPFS
1. Introduction 

1.1 The European Centre for Medium-Range Weather Forecasts (ECMWF) is an independent international organisation supported by 34 States. ECMWF’s main goal is to provide medium-range global numerical weather forecasts for the National Meteorological Services of its Member States. 

1.2 ECMWF has a co-operation agreement with WMO and actively supports the work of WMO. ECMWF provides a range of services for WMO Members including real-time forecasts. A number of products have been specifically developed in support of severe weather forecasting, including predictions of tropical cyclone tracks and the Extreme Forecast Index (EFI).
1.3 ECMWF participates in the Expert Team on Operational Weather Forecasting Process and Support (ET_OWFPS) and the Expert Team on Operational Predictions from Sub-seasonal to Longer-time Scales (ET-OPSLS)
1.4 ECMWF takes part in the Expert Team on the Evaluation of the Global Observing System (ET-EGOS), provides experts in support of WMO’s co-ordination of data representations and codes, on the WMO information system (WIS)
1.5 ECMWF participates in the severe weather forecast demonstration project (SWFDP) as a global centre, contributes to SWFDP training, and participates in the SWFDP steering committee

1.6 ECMWF acts as the WMO Lead Centre for Deterministic NWP Verification (LC-DNV) and Lead Centre for Radiosonde observation monitoring

1.7 ECMWF contributes to Regional Climate Outlook Fora (RCOFs) and the WMO El Niño/La Niña Updates
1.8 ECMWF supports the new WWRP working group on Predictability, Dynamics and Ensemble Forecasting (PDEF), which has been established to combine elements of the previous THORPEX GIFS-TIGGE and PDP groups and to support the THORPEX legacy projects, S2S, PPP, and HIWeather. ECMWF also participates in the WWRP/WCRP Joint Working Group on Forecast Verification Research, and the WCRP Working Group on Seasonal to Interannual Prediction (WGSIP).
1.9 ECMWF and WMO have also established a framework for fellows from developing countries to spend up to one year at the Centre for training.
2. ECMWF forecasts for WMO members 

2.1 World Meteorological Organisation (WMO) members can download WMO essential products and a range of other datasets from the ECMWF data server subject to dataset-specific terms and conditions. WMO members can also access a subset of ECMWF charts free of charge and gain access to the entire catalogue of ECMWF forecast products with a non-commercial licence.

2.2 A selection of ECMWF forecast data is available free of charge to NMHS of WMO and are accessible under conditions of non-commercial use. Information about available WMO essential and additional (Resolution 40) data is provided here:

http://www.ecmwf.int/en/forecasts/datasets/public-wmo-and-acmad-datasets
2.3 ECMWF has also introduced 2 licences to provide WMO Members with access to a wider range of ECMWF forecasts products. A full commercial licence is also available.
http://www.ecmwf.int/en/forecasts/accessing-forecasts/licences-available#MNHS-WMO
2.4 In 2015 ECMWF introduced a “Web NMHS Non-commercial licence (Charts)”. This provides access to our charts and online tools (ecCharts) for users to create their own customised charts. The charts can be used to fulfil national governmental obligations related to the protection of life and property and, for Research Projects and Educational Use, provided that any such activity is carried out strictly on a non-commercial basis.  The price for a non commercial licence (Charts) is 3,500 EUR/Year
2.5 The “NMHS Non-commercial licence (Real-time data & charts)” provides access to all the forecast data in addition to the web charts and tools. It provides more flexibility for those NMHSs that prefer to process the model output themselves. The price for a non commercial licence is 42,000 EUR/Year.

3. Verification of GDPFS forecasts  

3.1 ECMWF acts as the WMO Lead Centre for Deterministic NWP Verification (LC-DNV), and is working with the WMO Expert Team on Operational Weather Forecasting Process and Support (ET_OWFPS) to introduce standardised verification for surface weather parameters. 
3.2 NWP producing centres have been exchanging monthly upper air verification data for many years. The standards for this exchange, described in the Manual of the Global Data-Processing Forecasting System, were first developed in 1998 and revised in 2012. 

3.3 New standards for the verification of surface weather parameters have been developed and are planned to be introduced in the new Manual
3.4 Verification scores are exchanged monthly and are displayed on the LC-DNV web site

http://apps.ecmwf.int/wmolcdnv/
4. Monitoring and evaluation of severe weather events
4.1 Forecasting severe events is a strategic priority for ECMWF. To help monitor how the forecasts performed in crucial meteorological conditions and enhance interaction with users on such cases, ECMWF introduced a new web-based facility, the Severe Event Catalogue, in 2014. Forecasts of (recent) severe weather events are illustrated and discussed, and forecast users are able to contribute to the discussion. These pages are aimed particularly at forecasters and scientists working on the evaluation of forecast performance. 
4.2 These pages can be accessed by all users. A list of known 'issues' with ECMWF model output that forecasters should be aware of is also provided, together with planned changes to the IFS
https://software.ecmwf.int/wiki/display/FCST/Forecast+User+Home
4.3 More than 20 new cases have been added to the Severe Event Catalogue in the past year, and contributions to these as well as suggestions for new events to include are welcome. Although the main focus is Europe, significant events from around the world are also included and input from WMO members about the performance of ECMWF forecasts in their own regions is very welcome
4.4 Summary reports from certain cases are regularly included in the ECMWF Newsletter, issued quarterly on the ECMWF website.
5. Severe weather forecast demonstration project (SWFDP)
5.1 ECMWF participates in the SWFDP as a global NWP centre, providing graphical products for the domains of each regional project as required for early warnings of high impact and extreme weather events. The products are accessible via the ECMWF web site, on a password-protected page.
5.2 ECMWF is currently participating in the SWFDPs in southern Africa (RA I), the south-western Pacific (RA V), and Eastern Africa (RA 1). ECMWF provides a range of products from both the deterministic forecasts and the Ensemble Prediction System (EPS), focusing on early warning for severe weather. These are provided as graphical products, mainly as charts focused on the region of interest for the SWFDP. 
5.3 ECMWF has also agreed to participate in three additional regional SWFDPs that are being initiated: South-East Asia, Bay of Bengal and Central Asia. 
5.4 In 2015 WMO requested that ECMWF extend the range of products to include more information to complement the EFI (forecast and climate cumulative distributions), additional EFI parameters, and information about the extended-range from the monthly forecast (such as the tropical cyclone probabilities and Madden-Julian Oscillation index). 
5.5 During 2015 the main technical work was to move all ECMWF forecast charts, including the SWFDP ones, to the new web chart framework. The new framework will simplify the process of managing the current SWFDP products as well as adding new regions and products. That work is now complete and during 2016, the new SWFDP regions and additional products will be added. 
5.6 ECMWF encourages evaluation of the SWFDP and requests participants to provide feedback on the application and usefulness of ECMWF products during the project.
5.7 ECMWF and WMO have also established a framework for fellows from developing countries to spend up to one year at the Centre for training.
5.8 ECMWF runs an annual training course on the Use and Interpretation of ECMWF Forecast Products. In recent years a number of participants from the SWFDPs in southern Africa, eastern Africa and SW Pacific have benefited from participating in this course. ECMWF has also participated in the SWFDP training courses held in the regions.
5.9 ECMWF and WMO have also established a framework for fellows from developing countries to spend up to one year at the Centre for training. This is initially focused on supporting SWFDP activities

6. Observation data monitoring
6.1 ECMWF is the WMO Lead Centre for radiosonde observation monitoring. At the moment, WMO monitoring of conventional observations is based on monthly reports produced by leading centres. WMO has initiated a review to find ways of modernising the NWP-based monitoring of the conventional components of the Global Observational System (GOS). The aim is to move towards a near-real-time (e.g. daily) monitoring of the status of the GOS in terms of availability and data quality, which would help WMO to take action, reporting back to the data providers in order to have the problem fixed within a reasonable time frame.

6.2  Following a WMO workshop in Geneva in December 2014, ECMWF agreed to participate in a pilot project to provide NWP-based quality monitoring information daily. Initially this is for surface SYNOP observations, to be extended to other observation types later. ECMWF is providing the required information to the WMO WIGOS project office daily, and equivalent observation quality monitoring data from NCEP will be available soon. As well as supplying information to observation providers, the project will also enable the NWP centres to compare their observation monitoring outputs and, for example, to cross-check the availability and use of individual observation sites. 

6.3 The pilot project is expected to lead to a future implementation of an operational WIGOS Observation Quality Monitoring System (WQMS). The European Centre for Medium-Range Weather Forecasts (ECMWF) is an independent international organisation supported by 34 States. ECMWF’s main goal is to provide medium-range global numerical weather forecasts for the National Meteorological Services of its Member States. 

6.4 ECMWF provides more extensive monitoring of both conventional and satellite data used by its data assimilation system on its web site. An automatic data checking system has recently been implemented. It triggers the production of alarm messages if an anomaly is detected in the quality or the availability of the data assimilated by the model. This information is available to all users 

http://www.ecmwf.int/en/forecasts/quality-our-forecasts/monitoring-observing-system
7. Migration to WMO table-driven code forms (BUFR)
7.1 ECMWF has supported the Member States in their migration to using observations encoded in WMO BUFR format by providing detailed quality monitoring results to the WMO, the EUMETNET Observations Programme and the EUCOS web portal. 
7.2 A wiki managed by ECMWF has provided a forum where identified issues have been described and resolved in co-operation with NMSs, EUMETNET and the WMO.
https://software.ecmwf.int/wiki/display/TCBUF/TAC+To+BUFR+Migration

7.3 ECMWF has provided support for the transition from WMO Traditional Alphanumeric Codes to BUFR by providing updates to the BUFR decoding software which is freely available for download. 
7.4 New BUFR data received via the Global Telecommunications System are already being processed and provided to the assimilation system
8. TIGGE
8.1 The TIGGE archive continues to be an invaluable resource for research in ensemble forecasting. Although the THORPEX programme concluded at the end of 2014, data providers agreed to continue to contribute to TIGGE and ECMWF agreed to continue as Data Provider and Archive Centre (the National Center for Atmospheric Research (NCAR) ceased its role as a TIGGE Archive Centre at the end of THORPEX). TIGGE data is expected to make a major contribution to the WMO THORPEX legacy projects on Polar Prediction (PPP) and High Impact Weather Project (HIWeather).
8.2 The TIGGE archive now contains nine years of multi-model ensemble data comprising 1.25 petabytes, both from global models and European limited area models.
8.3 ECMWF also continues to maintain the TIGGE-LAM archive of limited-area model ensemble forecasts for Europe. Output from eight systems is being ingested in the TIGGE-LAM archive daily, namely COSMO-LEPS, ALADIN-LAEF, COSMO-DE-EPS, DMI-HIRLAM, GLAMEPS, HUNEPS, MOGREPS, PEARP.
9. Support for sub-seasonal to seasonal prediction 

9.1 To bridge the gap between medium-range weather forecasts and seasonal forecasts, in November 2013 the World Weather Research Programme (WWRP) and World Climate Research Programme (WCRP) launched the Subseasonal to Seasonal prediction project (S2S). The main goal of this five-year project is to improve forecast skill and understanding of the sub-seasonal to seasonal timescale and to promote its uptake by operational centres and its exploitation by the applications community.

9.2 As part of this project, ECMWF has launched a data portal for S2S forecasts. The S2S database was released to the research community on 6 May 2015. It contains sub-seasonal (up to 60 days) forecasts and re-forecasts and thus complements the TIGGE database for medium-range forecasts. The database will help address important questions for sub-seasonal to seasonal predictability, such as:

· The implementation and benefits of a multi-model approach to subseasonal to seasonal prediction

· The sub-seasonal to seasonal predictability of extreme events

· The representation of sources of subseasonal to seasonal predictability, such as the Madden-Julian Oscillation (MJO), sudden stratospheric warming, and soil moisture

9.3 The database gives access to forecasts and re-forecasts up to 60 days ahead from ECMWF and up to ten other forecasting centres: Australia’s Bureau of Meteorology (BoM); the China Meteorological Administration (CMA); Environment Canada (EC); Italy’s Institute of Atmospheric Sciences and Climate (CNR-ISAC),  Hydrometeorological Centre of Russia (HCMR), the Japan Meteorological Agency (JMA), the Korea Meteorological Administration (KMA), Météo-France, the US National Centers for Environmental Prediction (NCEP); and the UK Met Office.
9.4 Near-real-time forecasts from four data providers (BoM, ECMWF, JMA and NCEP) have been ingested routinely since January 2015. The CMA and Météo-France models were added by June and all 11 models are intended to be available by the end of 2015.
9.5 By August 2015, the S2S database had 153 registered users. They had executed over 84,000 requests and had extracted 22 terabytes of data. The size of the database was 25 terabytes.
9.6 The China Meteorological Administration (CMA) has expressed an interest in becoming a second archiving centre. ECMWF and CMA co-operate to ensure the timely synchronisation of both databases.  A visitor from CMA has been actively working at ECMWF since July 2015 to ensure a fruitful co-operation in this activity.
9.7 In order to monitor S2S data, a basic set of products, including ensemble mean anomalies for some meteorological parameters and atmospheric indices, has been developed. Products from each individual forecasting system and for a multi-model ensemble are produced routinely. 
10. Global flood forecasting
10.1 ECMWF is helping to create a system that produces real-time flood forecasts for the entire globe. The work builds on the Centre’s experience with flood forecasting in Europe. ECMWF is developing the Global Flood Awareness System (GloFAS) in co-operation with the European Commission’s Joint Research Centre and the University of Reading.

http://www.globalfloods.eu/
10.2 GloFAS combines the ECMWF medium-range weather forecasts with a hydrological model to provide global forecasts of flood events. GloFAS already runs daily in pre-operational mode. Its users include international organisations such as the Red Cross, the World Food Programme and national meteorological services in Brazil and Peru.

10.3 GloFAS has also demonstrated its potential in data-scarce areas where few local flood models are operational, including during floods in Myanmar, Somalia and Iraq in 2015. It provided early information on these events to the Emergency Response Coordination Centre (ERCC) of the European Commission.
10.4 The European Flood Awareness System (EFAS) has been running since 2005, first as a pre-operational system, and since 2012 as a fully operational service as a key part of the EU-funded Copernicus Emergency Management Service. From an initial partner network with up to 10 dedicated members in 2005, EFAS now has over 45 regional hydro-meteorological partners across Europe. ECMWF acts as the EFAS Computational Centre, which is responsible for running the forecasts, post-processing, and hosting the EFAS information system platform.
10.5 WMO Expert group on the development and application of seasonal stream flow predictions. The Commission for Hydrology (CHy) at its 14th session in November 2012 asked for a compilation of case studies and provision of guidance on extended hydrological prediction for water resources management including information on related climate drivers. This technical note is being prepared to address this demand by providing information about basic concepts, principles, methods and drivers relevant for design and developing of Extended Hydrological Prediction (EHP) systems. ECMWF is part of the expert group and contribute to the guidelines
11. Training

11.1 Training is essential to ensure that the maximum benefit is obtained from available NWP forecasts, that they are used appropriately, and that strengths and weaknesses of the forecasting systems are understood and accounted for.
11.2 A comprehensive guide to the use of ECMWF products is available on the ECMWF web site. The guide includes descriptions of all products that are available to the participants of the SWFDPs. The guide also includes a useful introduction to ensemble forecasting as well as details about the ECMWF forecasting system.

http://www.ecmwf.int/sites/default/files/User_Guide_V1.2_20151123.pdf
11.3 ECMWF runs an annual training course on the Use and Interpretation of ECMWF Forecast Products. The purpose of the course is to train forecasters in the use and understanding of ECMWF products, especially those that may not be familiar, such as the probabilities from the Ensemble Prediction System (EPS), the EPSgrams, Extreme Forecast Index, and tropical cyclone strike probabilities. There is a focus on specific products for severe weather events - with particular attention to ensemble forecasts. 
11.4 ECMWF also holds an annual meeting on Using ECMWF's Forecasts (UEF). UEF provides a forum for exchanging ideas and experiences on the use of ECMWF data and products. It is an opportunity for users in Europe and around the world to provide feedback to ECMWF on forecast performance and on our range of products, and for ECMWF to update users on recent developments of the forecasting system.

11.5 ECMWF is actively considering future training requirements. The 10th Eumetcal workshop was jointly organised by and held at ECMWF in June 2015. The workshop explored how training should advance in the next ten years as weather prediction science, models, technologies and services continue to improve and evolve

11.6 The workshop attracted 70 representatives from European national meteorological services, WMO, EUMETSAT, the UCAR COMET Program, the Australian Bureau of Meteorology, European universities and ECMWF. Training is a key element of ECMWF’s mission, and co-organising the workshop was an opportunity to strengthen links with the Eumetcal programme, Europe’s virtual meteorological training organisation

11.7 Participants explored current and future meteorological training requirements. They identified several developments in the provision of weather services to which training providers will have to respond. These include the increasing use of ensemble prediction products, forecasting extreme events, and nowcasting. Moreover, dramatic improvements of models and technology will lead to a shift of the forecaster’s role: from improving model output to interpreting and customizing it for the target audience. Education and training will have centre stage in supporting staff in hydrometeorological services to gain and improve the skills needed to meet continuously changing requirements and expectations. ECMWF's training and education programme will have to respond to these changing needs and the Centre will need to work together with its stakeholders to provide appropriate training events.
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