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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.  
Action Proposed  

The meeting is invited to note the information in the document.
The ECMWF medium-range ensemble
1. Introduction
1.1 
The ECMWF medium-range ensemble forecast (ENS) uses the same forecast model as used for the high-resolution forecast, but at lower resolution: 32 km (T639) up to day 10, then 64 km (T319) from day 10 to day 15; 91 levels throughout. Initial SST anomalies are persisted for the first 10 days of the forecast. 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. 

1.2 
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 (T42L62) 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 eleven independent lower-resolution (T399L91, corresponding to 50km) 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.

1.3 
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 
The most recent change to the ENS was in November 2013 (implementation of model cycle 40r1. Specific changes to the ENS were: increase in vertical resolution, coupling to ocean from beginning of forecast, initial perturbations to land surface.
2.2 
The ENS now uses the previous vertical discretisation of the high-resolution forecast (HRES) with 91 levels (L91). The ENS had used 62 levels since February 2006 (cycle 30r1). The change from L62 to L91 raises the model top from 5 hPa to 0.01hPa and more than doubles the number of levels between 100 hPa and 5 hPa. Results showed a considerable positive impact on ENS skill measures in the stratosphere from raising the model top (more than 1-day gain in skill at 50 hPa for zonal wind in the northern extra-tropics at day-7). Raising the model top also led to a statistically significant positive impact in the troposphere.
2.3 
Since March 2008, the ENS has used a fully coupled ocean-atmosphere system from day 10 onwards, while in the first 10 days the atmospheric model was forced with prescribed SST with the anomaly persisted from the initial time. Now the atmosphere and ocean are coupled from the beginning of the forecast. A so-called tendency coupling has been implemented, where the atmospheric model uses SST which are a linear combination of high-resolution, observed initial conditions and the SST tendency (i.e. change from initial time) as simulated by the ocean model. The tendency coupling is used in the first 5 days of the forecast, and changes smoothly to direct coupling at day 10 by decreasing the weight of HRES initial conditions. There is a notable improvement in MJO skill and a small but positive impact in the extratropics.
2.4 
Perturbations to the land surface initial conditions have been introduced into the ensemble forecast for the first time. The perturbations are based on the EDA. The same perturbation strategy as for the other model variables is applied to the surface initial conditions (for details see Lang et al., 2013). The perturbations to the land surface initial conditions increase the ensemble spread of 2-metre temperature. The difference is largest during the early forecast range and becomes small after 72 hours forecast-time. While the impact on 2-m temperature is relatively small on average, it is large in some situations, (e.g. if there is uncertainty associated with snow cover which can lead to large differences in 2-m temperature between the ensemble members).
2.5 
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 
ECMWF is planning to increase the horizontal resolution of its forecasting system in 2015. The ENS resolution will probably increase from 32km to around 20km. Extensive development and testing is still in progress. The high-resolution forecast will be run at around 10km resolution.
4. Products 

4.1
In December 2013 the forecast range for ECMWF track-related products for Tropical Cyclones currently in existence was extended from 5 days to 10 days. At the same time the related web product formats were improved and now show, for example, track segments that are coloured differently according to lead time. Tracks are also disseminated in BUFR format.
4.2
ECMWF introduced a new web site in April 2014. The essential forecast products on the old website were migrated to the new site. The layout was re-structured to provide more sophisticated multi-layer product groups which could be searched more easily, and the ‘help’ pages (formerly ‘show guide’) were greatly enhanced. In a few instances the product range was also improved - for example it is now possible to see plume diagrams for any site in the world. Migration of the remaining products will be carried out as part of the process to complete the development of the new site.
4.3
ECMWF is planning to substantially enhance its re-forecast dataset in the next model upgrade (40r3) expected in early 2015. The number of ensemble members in the re-forecast will be increased from 5 to 11 and the reforecasts will run twice a week (currently only once a week). The model climate derived from the reforecasts plays a key role in ECMWF’s severe weather forecasting strategy. The improved re-forecasts will reduce errors due to sampling in the model climate (M-Climate), especially near the extremes, and so will make the EFI (extreme forecast index) and SOT (shift of tails), that depend heavily on the M-climate extremes, more robust. This should reduce by about half the spurious fluctuations (due to under-sampling of the climate distribution) that are sometimes seen in EFI and SOT between successive forecast times.
4.4
In tandem with the enhanced re-forecast set, the EFI and SOT product range will be extended. Lead times will extend up to 15 days (the current limit is 10 days). Case-specific verification has suggested that, even in the 10–15 day range, such products can have value, giving even earlier warning of the potential for severe weather of certain types. To assist with the prediction of extreme convection, and in response to frequent user requests, a new EFI for convective activity, based on CAPE (Convectively Available Potential Energy) is being tested.
4.5 
ECMWF has carried out a study on the benefits of statistical post-processing the ECMWF medium-range forecasts to improve probabilistic predictions of four surface weather parameters. The results demonstrate the benefits of using state-of-the-art calibration for the ECMWF forecasts. 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.
5. Services to WMO members 
5.1
ECMWF  provides a range of services for WMO Members including real-time forecasts. 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. More information on the range of services and how to access them is available on the ECMWF web site

http://www.ecmwf.int/en/forecasts/accessing-forecasts
5.2
A range of products are available on the ECMWF web site as part of the service provided for WMO members (login required). 

http://www.ecmwf.int/en/forecasts/charts
A number of products have been specifically developed in support of severe weather forecasting. 

These include the extreme forecast index, probabilities for precipitation and wind, and predictions of tropical cyclone tracks. 

6. Support to SWFDP 
6.1
ECMWF supports the WMO Severe Weather Forecast Demonstration Projects (SWFDP). ECMWF is participating in the SWFDPs in southern Africa (RA I), the south-western Pacific (RA V), and Eastern Africa (RA 1) as a global data provider (“Global Centre”). ECMWF will also support the new Bay of Bengal SWFDP as a Global Centre.

6.2
ECMWF provides a range of products from both the high-resolution forecast (HRES) and the medium-range ensemble (ENS), 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. The products are accessible via the ECMWF web site, on a password-protected page. They include:
· probabilities of precipitation and winds exceeding given thresholds

· extreme forecast index (EFI); identifies locations where the ensemble is substantially far from the model climate, indicating potential severe event

· tropical cyclone tracks and strike probability maps

· site-specific forecasts for surface weather parameters (EPSgrams) for specified locations (up to 10 stations for each participating country)
6.3
All products are updated twice a day with forecasts from 00 and 12 UTC; an archive of the previous 7 days will also be provided to assist in evaluation. 

6.4 
More information and access to the SWFDP charts (for participating countries) is available through the ECMWF web site

http://www.ecmwf.int/en/forecasts/tools-and-guidance/documentation-and-support/severe-weather-forecasting-demonstration
7. TIGGE 
7.1
The TIGGE archive continues to be an invaluable resource for research in ensemble forecasting. With the closure of the THORPEX programme by the end of 2014, The National Center for Atmospheric Research (NCAR) will cease its role of Archive Centre. ECMWF has confirmed to WMO its commitment to continue as Data Provider and Archive Centre.
7.2
The TIGGE archive now contains eight years of global multi-model ensemble data comprising just over 1 petabyte. Half a terabyte of data is added every day and an average of 3 terabytes are retrieved by the near 3000 registered users of the TIGGE Data Portal.
7.3
ECMWF carries out routine verification of ensemble forecasts using the TIGGE data. This provides a valuable benchmark for the ECMWF ensemble. This includes a number of the verification scores that are required by the Lead Centre for EPS verification. If requested, ECMWF would be willing to provide these verification results to the Lead Centre to help fill some of the current gaps in its data base. 
7.4
The TIGGE archive has recently been extended to include output from European regional ensembles (TIGGE-LAM). 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. This work has been made possible by the EU funded GEOWOW project. ECMWF has committed to continue the acquisition and ingestion of TIGGE-LAM data after the end of the GEOWOW in August 2014. 
7.5 
A WWRP/THORPEX-WCRP joint research project has been established to improve forecast skill and understanding on the sub-seasonal to seasonal (S2S) timescale, and promote its uptake by operational centres and exploitation by the applications community. A new TIGGE-S2S archive will be set up. Data from several data providers, namely BoM, CMA, JMA, Météo France and NCEP have been archived in test mode and a pilot data portal has been developed. ECMWF will host a TIGGE-S2S archive.
8. Training 
8.1
ECMWF provides regular training course to participants from its Member States on “Use and interpretation of ECMWF products”. These courses focus on the use of ensemble forecasts. ECMWF also contributes to training for WMO Members.  
8.2
ECMWF runs an annual meeting on ‘Using ECMWF’s Forecasts’ in June each year. This meeting provides a forum for exchanging ideas and experiences on the use of ECMWF data and products. It is also an opportunity for participants to provide feedback to ECMWF on forecast performance and the range of products and services available, and for them to be updated on the recent developments affecting the Integrated Forecasting System (IFS). 

8.3 
Three important points were highlighted at the 2014 UEF meeting:

· Ensemble forecasts are widely used, their accuracy has improved, and forecasters rely on ENS products for their severe weather forecasts. This trend has fed into NMSs’ strategies which are suggesting the use of ensemble forecasting at all time ranges.
· There are some gaps such as the integration of impact models into ensemble weather forecast model and how to handle the weather information at all forecast ranges in a seamless manner. These gaps will need to be addressed to be able to deliver relevant weather information to decision-makers.
· There are still challenges to communicate and use probabilistic information.

