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Summary and purpose of document

This document informs the committee of progress towards integrating post-processing of EPS and deterministic NWP at the Met Office with the aim of improving the operational use of EPS. 
Action Proposed
The meeting is invited to consider the progress with integration at the Met Office and consider any lessons which might be learnt for the benefit of WMO members. 
1. Background
1.1 Met Office forecasters have used EPS forecasts for many years to help inform their assessment of likely outcomes and risks of high impact events. Since the introduction of the ECMWF and NCEP ensemble systems in 1992, access to EPS has grown steadily and forecasters at the Met Office now have access to a wide range of forecast products from the Met Office’s MOGREPS short and medium-range ensembles as well as the ECMWF EPS. A number of specialised ensemble products and services are generated automatically, but despite these developments the majority of operational forecast production has continued to be based on deterministic models, with the ensembles providing peripheral and supplementary information. This is believed to be the case also in many other NMHSs with good access to EPS data.

1.2 Much of the reason for this has been that ensemble post-processing has developed in parallel with deterministic post-processing, rather than being fully integrated, as forecaster workstations have been unable to support the ensemble forecast data other than via web browsers. 
1.3 In order to integrate EPS more fully in the operational production, work is now underway to post-process deterministic and EPS forecasts in a more integrated fashion. 

2. Site-specific forecasts
2.1 The Met Office uses a database system to store forecast data for specific locations (sites) both in the UK and around the globe. The old FSSSI database is close to being retired and replaced with a new database named SSPA, which holds data for many more sites. SSPA holds a standard set of around 10000 locations worldwide for general forecasting, of which around 5000 are in the UK. Many more locations are stored for specific customer services. A locations management scheme allows new sites to be added to the operational system, normally within 24h.
2.2 EPS forecast data have been stored in FSSSI for many years alongside the deterministic data, and some integrated products have been generated (eg. EPS-meteograms with the hi-resolution deterministic model also included). This paper will focus on the new SSPA system.

2.3 Site-specific extraction from model grids is carried out by a routine named SSPS (site-specific processing system) which selects the most appropriate model grid-point and corrects for differences between model orography and station height. Exactly the same SSPS routines are used to extract data from EPS grids (both MOGREPS and ECMWF EPS) and the deterministic models. 
2.4 Where site observations are available, a Kalman filter (KF) is applied to correct site-specific model biases in forecasts. A new KF system was recently introduced which treats EPS and deterministic forecasts in the same way, except that the EPS implementation works in perfect-prog mode to correct only for site representivity errors, whereas the deterministic version is trained for each forecast lead-time. This difference allows the deterministic version to correct for average forecast errors – allowing the EPS version to do this would “correct” ensemble member forecasts back towards the ensemble mean and damage the ensemble spread. In the perfect-prog method, where the KF is trained only once using very short-period forecasts and applied at all lead-times, the ensemble spread is preserved (but forecast error biases which develop as the forecast evolves cannot be corrected.)

2.5 Creation of the deterministic “best-data” temperatures is now based on a Best Data Blending technique. This is a lagged blending updating technique, and incorporates a lot of EPS data. A forecast for a specific time starts as a 15-day ensemble mean temperature; this is successively updated by a weighted averaging technique as new forecast data from different ensembles and models become available for the same validity time. Different weights are applied to different types of update data. 

2.6 This blended deterministic “best-data” value is accompanied by probabilistic tables which store percentile values (Min, 5%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 90%, 95%, and Max). Ensemble Mean and Spread are also stored. This allows the storage to be independent of the number of ensemble members, and to be the same for multi-model ensembles, lagged ensembles etc. Probabilities for any threshold required by a user can be interpolated from these percentile points. If necessary, the ensemble spread is adjusted to ensure that the distribution is consistent with the deterministic value. It should be noted that for some applications where the correlations between different variables are required, this information is not available from these percentile tables. Ensemble member data are stored explicitly for use in such applications. 
2.7 This combination of deterministic and probabilistic best-data allows all automated products to use consistent data, including uncertainty as either error bars, a full distribution or probabilities of specific events. Changes in the combinations of models or ensembles used can be introduced without altering the format of data supplied for product generation. 

2.8 While the above structure is described for temperature forecasts, similar principles are applied for many other variables, including a best-estimate weather symbol for use in web products. For some variables the deterministic value is determined from a mode approach rather than an ensemble mean – examples are the weather symbol and wind direction.

3. Gridded Data
3.1 Gridded NWP data for the UK are stored on a 2km UKPP (UK post-processing) grid. (Outside the UK a 5km EuroPP grid is used for Europe and a 10km GlobalPP grid is under development.) Forecasts from both short-range high resolution models and longer-range lower-resolution global models are downscaled to the same 2km grid. Ensemble data are now being experimentally downscaled to the same 2km grid, using high-resolution topographical information to make simple temperature and wind-speed adjustments. 
3.2 It is planned to create ensemble gridded product fields on the 2km UKPP grid which can be ingested into forecaster workstations alongside deterministic model fields, and used directly in forecast product generation in the same way as deterministic UKPP fields. 

3.3 When the new MOGREPS-UK convective-scale EPS is introduced in 2012, post-processing will use the same 2km UPKK grid, allowing fields and products to be immediately processed in the same way as high-resolution deterministic and downscaled ensemble fields.  
