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(Submitted by David Richardson, ECMWF)

Summary and purpose of document

This document provides a summary of the medium-range ECMWF ensemble forecasts, including recent developments and products. An overview is given of the services available to WMO members, including support to SWFDP. Background information on the contribution made by European Centre for Medium-Range weather Forecasts (ECMWF) to the GDPFS in other areas related to the ET-OWFPS are also included.
Action Proposed

The meeting is invited to note the information in the document.
.
Reference(s):
1.

1. The ECMWF integrated forecasting system
1.1 
For the medium-range forecasts set of 52 individual forecasts are created twice a day. One member is at a higher spatial resolution than the other members (called the HRES at ECMWF), its initial state is the most accurate estimate of the current conditions and it uses the currently best description of the model physics. The HRES runs on a 9km grid, with 137 levels in the vertical, to provide a highly detailed description of future weather. However, when viewed in isolation it cannot provide an estimate of forecast uncertainty or confidence.
1.2 
The ECMWF medium-range ensemble forecast (ENS) uses the same forecast model as used for the high-resolution forecast, but at lower resolution: 18 km up to day 15; 91 levels throughout. The atmospheric model is coupled to a 42 level ocean model; the ocean model has a zonal resolution of 1° and a meridional resolution varying from 0.3° at the equator to 1° at mid-latitudes. The coupling between atmosphere and ocean is through tendency coupling from initial time, with full coupling from day 10 onwards.
1.3 
The ENS comprises one control forecast (run from the operational analysis) and 50 members staring from perturbed initial conditions. Initial perturbations come from a combination of low-resolution (T42) singular vectors (SV) and perturbations from an ensemble of data assimilations (EDA). 50 SV are used in the extra-tropics, plus up to 30 SV (5 per tropical cyclone) selected in the vicinity of tropical cyclones. The EDA consists of an ensemble of 25 independent lower-resolution (Tco639L137, corresponding to 18km) 4D-Var assimilations that differ from the operational analysis by perturbing observations and sea surface temperature fields and by using the SPPT scheme (see below) in the non-linear integrations.

1.4
The ENS also includes stochastic schemes to simulate the effect of model error: random perturbations of the physical tendencies (SPPT scheme) and stochastic kinetic energy backscatter perturbations are applied to the perturbed forecasts. The ENS runs twice per day (from 00 and 12 UTC).
2. Recent updates to the ENS

2.1 
Model cycle 41r1 was implemented on 12 May 2015. The new model cycle brought consistent gains in forecast performance at the surface for total cloud cover and precipitation. Improvements in the modelling of cloud and precipitation reduce the occurrence of drizzle in forecasts of rainfall from extensive sheets of cloud, and they increase the amount of precipitation in forecasts of heavy rainfall, leading to a better match with observations. Improvements are also seen for 2-metre temperature and 2-metre humidity in parts of the northern hemisphere and the tropics. Cycle 41r1 also introduces a lake model which improves 2-metre temperature forecasts in the vicinity of small lakes not represented in the previous model. A range of additional satellite observations improves the representation of land surface, sea ice and ocean wave parameters. Ocean wave forecasts also benefit from the extension of the high-resolution wave model from the European and North Atlantic region to the whole globe.
The ensemble forecast (ENS) re-forecast dataset was significantly enhanced, with re-forecasts running twice a week, for Mondays and Thursdays (previously just Thursdays), and with the size of each re-forecast ensemble increased from 5 to 11 members. This provides a substantial increase in the sample size for the model climates for the medium-range Extreme Forecast Index (EFI)/Shift of Tails (SOT) and the extended-range (monthly) forecast anomaly products.
More details of the changes are provided on the following web page

http://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/cy41r1-summary-changes
2.2 
Model cycle 41r2 was implemented on 8 March 2016. Cycle 41r2 represents a significant step forward in accuracy and resolution and, at a grid spacing of 9 km, it is currently the highest-resolution global forecasting system in the world. The main change is an increase in horizontal resolution in most parts of the forecasting system. For high-resolution forecasts (HRES) and ensemble forecasts (ENS) the grid-point resolution is roughly doubled to 9 km and 18 km, respectively, while for the Ensemble of Data Assimilations (EDA) it is tripled to 18 km. In combination with several other scientific and technical changes, this has led to a significant increase in forecast accuracy and computational efficiency. The resolution changes for the different components of the forecasting system are shown in Table 1.
Specific changes for the ENS were:
· Same horizontal resolution (18km) throughout medium-range, for days 1-15; reduced resolution from day 15 onwards for the twice-weekly extension to 46 days. (previous cycles had reduced horizontal resolution after day 10)
· Modified SKEB (Stochastic Kinetic Energy Backscatter) stochastic physics necessary for the new cubic grid, removing the numerical dissipation estimate from the dissipation rate. Reduces ensemble spread slightly, but this is then consistent with reduced error (RMSE) in the new cycle.

· Modified singular vector calibration to compensate for increased variance from the higher resolution EDA.
A detailed description of the changes in cycle 41r2 is available on the web page:
http://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model/cy41r2-summary-changes
A recent ECMWF Newsletter article also discussed the changes and impact of the new cycle:

http://www.ecmwf.int/sites/default/files/elibrary/2016/16299-newsletter-no147-spring-2016.pdf
2.3 
A complete record of changes to the ECMWF forecasting system is maintained at:

http://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model
3. Future developments 

3.1
The number and resolution of EDA members will be increased in order to better estimate background error variances and co-variances. The need to include singular vectors in the ensemble forecasting system will continue to be assessed.

3.2 
It is planned to tie perturbations of the model physics closer to the source of model errors in the individual parametrizations for radiation, clouds, convection and boundary layers. Perturbations will be added also to surface fields. Stochastically Perturbed Parametrisation scheme (SPP) is under development.

3.3
The possibility of adding perturbations in the ocean scheme will be considered; such an addition is expected to have a particularly strong impact on the seasonal and monthly forecasts. The long-term goal is to design consistent initial perturbations for the coupled Earth system.
4. Products 

4.1
Cycle 41r1 (implemented in May 2015) introduced fields that show instantaneous precipitation rate, precipitation type, instantaneous wind gusts and a visibility/fog diagnostic. The precipitation type diagnostic includes freezing rain and ice pellets. This is the first time that direct ECMWF model output has included freezing rain; a significant change to the model physics was necessary to make this viable (previously melted snow turned back to snow far too quickly). All the new parameters are included in both the HRES and ENS, enabling the users to assess the probability for severe events such as freezing rain to occur in the medium-range.
4.2
The new re-forecast configuration introduced with cycle 41r1 reduces sampling errors in the model climate, especially near the extremes. This makes the EFI and SOT more robust, and reduces the spurious fluctuations (due to under-sampling of the climate distribution) that are sometimes seen in the EFI and SOT between successive forecast times. A revision to the EFI computation code has also improved the numerical accuracy. The EFI/SOT products were extended in May 2015 to include two new time ranges, days 1–15 and 10–15 for 2-metre mean temperature, total precipitation and 10-metre mean wind. This gives users indications of possible extended periods of persistent anomalous conditions (potential heat waves or dry/wet periods) into the second week of the forecast.

4.3
ECMWF’s Extreme Forecast Index was designed to alert forecasters to potential high-impact weather events. The EFI has been extended to include indicators of severe convection. Previous studies have shown that the product of convective available potential energy (CAPE) and vertical wind shear yields better discrimination between severe convection and ordinary thunderstorms than CAPE alone. To assess this the EFI was derived for both CAPE and the product of CAPE and shear, referred to as combined CAPE-SHEAR Parameter (CSP). For Europe, EFI forecasts for CAPE and CSP have been verified against lightning data from the UK Met Office ATDnet lightning detection system. Both CSP and CAPE are able to discriminate well between severe and non-severe convection. CSP appears to be particularly good at discriminating between events of different intensity, identifying very severe convective hazards better than CAPE. The results suggest that the EFI can be applied successfully to forecasting severe convection in the medium-range.
4.4
ecCharts is a suite of web browser applications that can be used to interactively explore ECMWF forecast products. The functions that ecCharts provides are beyond our standard web charts, in that forecasters can use the service to create bespoke charts on demand and do this themselves as and when they need to using a easy to use web interface. Using ecCharts they will be able to explore ECMWF's medium-range forecasts in far greater detail than has previously been possible on the web. A number of new parameters were added to the ecCharts facility during the last year. These include the precipitation rate and precipitation type introduced in cycle 41r1. The plots are customisable to specify a minimum total precipitation rate above which to show the precipitation type, to highlight areas of significant interest. Another new on-demand function is the computation of bulk vertical wind shear between levels selected by the user. The ensemble probabilities for combined events have been extended to include the probability of 10-metre wind speed and significant wave height. The event threshold for wind and wave height can be chosen by the user and the probability of the combined event is computed as the ratio of the number of the ensemble members in which both event conditions are met to the total number of ensemble members.
4.5 
In December 2015, ECMWF augmented the tropical cyclone (TC) track products that it makes available for dissemination in BUFR format. We now include the tracks of tropical cyclones that develop (i.e. undergo genesis) during the forecast integrations (the 'Genesis category'), as a supplement to the tracks that we already provide for existing tropical cyclones, i.e. where there is an official observation TC report at the initial time of the forecast time (the 'Pre-existing category'). The track products are provided for both high-resolution (HRES) and ensemble (ENS) forecasts out to 10 days. ECMWF's TC track products contain the following variables: time, position (latitude/longitude in degrees), central pressure (hPa), intensity (i.e. maximum 10m wind speed in m/s in a 750 x 750km box centred on the TC location) and position of that 10m wind speed maximum (latitude/longitude). These are now provided for every tropical cyclone identified and tracked in every ENS forecast, and in HRES.
4.6 
Apart from the EFI, ECMWF does not routinely carry out statistical post-processing of its medium-range forecast products. However, ECMWF has conducted some research to demonstrate the potential benefits to users of combining the HRES and ENS forecasts to make combined probabilistic predictions. The improvement to probabilistic scores is typically equivalent to 1-2 days increase in lead-time. The greatest benefit is achieved when treating the complete set of ECMWF forecasts (HRES, CTRL and perturbed ENS members) as one forecasting system, with appropriate weight to each component. A key area identified for future work was to maintain the physical consistency between different forecast parameters and geographical locations through the calibration process. This is especially important for the integrity of calibrated gridded fields. Initial results show that a number of methods have potential value. Further work is needed to identify the most suitable methodology, and this will focus on gridded fields.
4.7
More information about the range of products available from the ECMWF forecasts is provided at:

http://www.ecmwf.int/en/forecasts/documentation-and-support/medium-range-forecasts
5.
ECMWF forecasts for WMO members 

5.1
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.

5.2
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

5.3
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

5.4
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.
5.5
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.
6.
Severe weather forecast demonstration project (SWFDP)

6.1
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.

6.2
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. 

6.3
ECMWF has also agreed to participate in three additional regional SWFDPs that are being initiated: South-East Asia, Bay of Bengal and Central Asia. 

6.4
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). 

6.5
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. 

6.6
ECMWF encourages evaluation of the SWFDP and requests participants to provide feedback on the application and usefulness of ECMWF products during the project.

6.7
ECMWF and WMO have also established a framework for fellows from developing countries to spend up to one year at the Centre for training.

6.8
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.

6.9
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
7.
Verification of GDPFS forecasts  

7.1
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. 

7.2
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. 

7.3
New standards for the verification of surface weather parameters have been developed and are planned to be introduced in the new Manual

7.4
Verification scores are exchanged monthly and are displayed on the LC-DNV web site



http://apps.ecmwf.int/wmolcdnv/
8.
Monitoring and evaluation of severe weather events

8.1
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. 

8.2
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
8.3
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

8.4
Summary reports from certain cases are regularly included in the ECMWF Newsletter, issued quarterly on the ECMWF website.
9.
Observation data monitoring

9.1
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.

9.2
 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. 

9.3
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. 

9.4
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
10.
Migration to WMO table-driven code forms (BUFR)

10.1
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. 

10.2
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

10.3
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. 

10.4
New BUFR data received via the Global Telecommunications System are already being processed and provided to the assimilation system
11.
TIGGE

11.1
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).

11.2
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.

11.3
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.
12.
Global flood forecasting

 12.1
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/

12.2
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.

12.3
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.

12.4
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.

12.5
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
13.
Training

13.1
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.

13.2
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

13.3
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. 

13.4
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.

13.5
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

13.6
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

13.7
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.
Table 1. ECMWF resolution changes 8 March 2016 (cycle 41r2)
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