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Summary and purpose of document

This document summarises the current operational EPS at ECMWF and presents an overview of planned developments
Action Proposed  

The meeting is invited to note the content of the document and the planned changes to the operational ECMWF EPS 

1. Operational ECMWF EPS
ECMWF runs an operational ensemble prediction system (EPS) twice daily (from 00 and 12 UTC). The EPS uses the same forecast model as used for the ECMWF operational deterministic forecast, but at lower resolution: T399 (50 km) up to day 10, then T255 (80 km) from day 10 to day 15; 62 levels throughout. Initial SST anomalies are persisted for the first 10 days of the forecast. From day 10 onwards, for forecasts started from 00 UTC analyses, the atmospheric model is coupled to a 29 level ocean model that is also used for seasonal forecasts; the ocean model has a zonal resolution of 1.4° and a meridional resolution varying from 0.3° at the equator to 1.4° at mid-latitudes. At present forecasts started from 12 UTC analyses use persisted SST anomalies throughout.

The ensemble comprises one control forecast (run from the operational analysis) and 50 perturbed members. Initial perturbations are generated by multi-dimensional Gaussian sampling from 50 singular vectors (SV) selected at T42 resolution in the extra-tropics, plus up to 30 SV (5 per Tropical Cyclone) selected in the vicinity of Tropical Cyclones that have been reported on the GTS. Random perturbations of the physical tendencies (stochastic physics) are applied to the perturbed forecasts. 
ECMWF has run an operational monthly forecast system since October 2004. On 11 March 2008, the monthly forecast system was merged with the medium-range Ensemble Prediction System to provide a unified EPS (Vitart et al, 2008). The unified EPS is extended to 32 days once a week (from 00 UTC Thursday). Hindcasts are updated each week for the same week over the last 18 years (5 members only) for calibration purposes. More details on the monthly forecast system can be found on the ECMWF website:

http://www.ecmwf.int/research/monthly_forecasting/Documentation.html
The combined system provides skilful predictions of small-scale, severe-weather events in the early forecast range, accurate large-scale forecast guidance up to day 15 twice a day, and large-scale guidance up to 32 day once a week. Average results indicate that the monthly forecasting scores are slightly higher in the extra-tropics with this new combined system, and that the medium-range forecasts benefit from the introduction of the ocean-atmosphere coupling after day 10, in particular in predicting low-level temperature over the tropics. The prediction of geopotential height at 500 hPa shows also some improvements over the whole Northern Hemisphere when coupling after day 10. The use of persisted SST anomalies instead of persisted SST has no visible meteorological impact in the medium-range, but improves the monthly forecasts of weekly means after day 10. 
An ocean wave model is integrated (two-way coupling) in all operational configurations of the ECMWF atmospheric model (IFS). The model is based on the WAM cycle 4 model, with various enhancements as documented in ECMWF Tech. Memo. No. 478 and No. 509 (available from the ECMWF website http://www.ecmwf.int/publications). The wave model resolution is 40 km for the deterministic forecast; 110 km for the EPS.

2. Operational EPS products

Products are disseminated using the same dissemination as for the deterministic model. A selection is available to WMO Members in graphical format via the ECMWF website at:

http://www.ecmwf.int/products/forecasts/d/charts
These include probabilities for surface parameters (temperature, wind, precipitation) exceeding certain thresholds, the Extreme Forecast Index (to provide indication of potential extreme events), and EPSgrams for specific locations. Probabilities of mean periods and significant wave height are generated for the EPS wave forecasts.

Details of how to access these products are given at:

http://www.ecmwf.int/about/wmo_nmhs_access/index.html
3. Planned changes to the operational EPS

3.1. Resolution increase
The resolution of both the deterministic and ensemble forecast systems will be increased in the near future. Pre-operational testing of the higher resolution systems is underway. it is planned to increase the horizontal resolution of the EPS from T399 (50km) to T639 (around 30km) for days 1-10 and from T255 (80 km) to T319 (60km).
3.2. Initial perturbations
It is planned to replace the evolved singular vectors used in the initial perturbations with perturbations derived from an Ensemble Data Assimilation (EDA) system using an ensemble of 4d-Var analyses. The EDA-based perturbations are less localized geographically, have smaller scales and provide a more extensive coverage of the tropics than the current SV-based perturbations. If used alone to generate a set of initial perturbations for the ensemble system, the EDA-based perturbations lead to an under-dispersive and less skilful ensemble than if singular vectors are used. But, if used in conjunction with initial-time singular vectors to replace the evolved singular vectors that sample the initial uncertainties growing during the data assimilation cycle, EnDA leads to an ensemble that outperforms the operational one.
4. Comparing calibrated EPS and TIGGE forecasts

The TIGGE (THORPEX Interactive Grand Global Ensemble) archive, giving access to forecasts of ten global ensemble prediction systems, establishes a new benchmark for ECMWF EPS forecasts. Comparing the ECMWF EPS with all other single model systems demonstrates a clear overall superiority of the ECMWF system. A TIGGE multi-model composed of all single models does not provide significantly better forecast than the ECMWF EPS on its own. However, combining only the three best single models (ECMWF, MetOffice and NCEP) can improve the forecasts compared to the single ECMWF EPS, in particular for surface variables like 2m-Temperature. This suggests that work is needed in the EPS to perturb land surface variables. Based on previous work which demonstrated that calibrating the ECMWF EPS with the re-forecast dataset can significantly improve its performance, it was investigated whether the re-forecast calibrated ECMWF EPS is as good as or even better than the TIGGE multi-model. Results indicate that through the re-forecast based calibration the performance of the ECMWF EPS indeed becomes again more than competitive to the TIGGE multi-model performance. Further investigations pointed out that both the multi-model and calibration procedure correct in a similar way for similar deficiencies, i.e. both techniques are similarly successful in reducing systematic errors and correcting for spread deficiencies.
5. Applications of EPS

5.1. Ensemble flood forecasting 
A case study has illustrated how the TIGGE multi-system ensembles can be used to generate flood predictions (Pappenberger et al., 2008). Early and effective flood warning is essential to initiate timely measures to reduce loss of life and economic damage. The availability of several global ensemble weather prediction systems through the ‘THORPEX Interactive Grand Global Ensemble’ (TIGGE) archive provides an opportunity to explore new dimensions in early flood forecasting and warning. TIGGE data has been used as meteorological input to the European Flood Alert System (EFAS) for a case study of a flood event in Romania in October 2007. Results illustrate that awareness for this case of flooding could have been raised as early as 8 days before the event and how the subsequent forecasts provide increasing insight into the range of possible flood conditions. This first assessment of one flood event illustrates the potential value of the TIGGE archive and the grand-ensembles approach to raise preparedness and thus to reduce the socio-economic impact of floods.
Operational medium range flood forecasting systems are increasingly moving towards the adoption of Ensemble Prediction Systems to drive their predictions. A review of the state of the art in this field, with a discussion of the scientific drivers of this shift towards ensemble flood forecasting and discuss several of the questions surrounding best practice in using EPS in flood forecasting systems, has been completed (Cloke and Pappenberger [ECMWF Technical Memorandum 574]). This work also discusses remaining key challenges in using EPS weather forecasts in hydrology in the future.
5.2. Wind energy

Wind power is an increasingly used form of renewable energy. The uncertainty in wind generation is very largely due to the inherent variability in wind speed, and this needs to be understood by operators of power systems and wind farms. In the framework of the EU-FP7 project SafeWind, the Centre is investigating the potential of combining its high-resolution deterministic and EPS forecast products in order to provide optimized forecast products from such a Combined Prediction System (CPS). A number of methods for finding the optimal weights for the individual components of the CPS have been tested, both for global model fields and individual forecasts at observation stations. Most promising results have been found for combining different forecast systems on the original model grid (rather than the 2.5° x 2.5° verification grid) and for station forecasts. In particular forecasts for surface variables and at locations with complex orography or land-sea influences can be improved with the CPS methodology. The performance improves mainly during early forecast times when the information contained in the high-resolution forecast is beneficial for the final CPS forecast. At longer lead times the weight given to the high-resolution forecast decreases and the overall performance of the CPS is not anymore significantly improved compared to the operational EPS
