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Summary and purpose of document

This document provides an update on development of the ECMWF global ensemble prediction system since the last meeting in 2009
Action Proposed
The meeting is invited to note the recent developments 

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: T639 (32 km) up to day 10, then T319 (64 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. The SV perturbations are complemented by a set of initial global perturbations from an ensemble of data assimilations. Random perturbations of the physical tendencies (stochastic physics) are applied to the perturbed forecasts.
2. Recent changes to the EPS configuration

2.1. 26 January 2010 (cycle 36r1) 
This version of the ECMWF model introduced a major resolution upgrade. The EPS resolution was increased from T399 (~50 km)  to T639 (~30 km) for the first 10 days and from T255 to T319 for the extension beyond day 10. The overall benefit to the EPS was reflected in the results for the probability scores which are consistently improved for 500 hPa height anomalies and 850 hPa temperature anomalies. EPS spread was in general unchanged. The EPS ensemble-mean errors are consistently lower, resulting in some overestimation of spread in terms of 500 hPa height and a better tuned spread in terms of 850 hPa temperature. Particular improvements were noted for tropical cyclones and for precipitation.

2.2. 24 June 2010 (cycle 36r2)
This cycle included a new method for providing initial-time perturbations for the EPS. Differences between members of an ensemble of data assimilations (EDA) are now used instead of the evolved singular vectors to create initial spread between EPS forecast members. Initial-time singular vectors continue to be used in conjunction with the EDA perturbations. This new cycle shows clear benefit in terms of the spread of the EPS, particularly in the first few days of the forecast:

· NH 500 hPa geopotential height: small decrease in spread reducing the EPS over-dispersion, slightly improved ensemble-mean and probabilistic objective scores;

· NH 850 hPa temperature: clear increase in spread in the first 48 hours making the EPS spread better tuned, slightly improved ensemble-mean and probabilistic objective scores;

· SH 850 hPa temperature: clear increase in spread in the first 4 days making the system more reliable resulting in better probabilistic scores;

· Tropics 850 hPa temperature: larger increase in ensemble spread significantly reducing the EPS under-dispersion in the Tropics leading to better ensemble-mean and probabilistic scores.
2.3. 9 November 2010 introduction of cycle 36r4
This cycle included two changes to the representation of model uncertainty in the EPS:

· Revision of stochastically perturbed physical tendencies

· Introduction of spectral stochastic backscatter scheme

The initial perturbation amplitudes were retuned to maintain the overall agreement between spread and error.
The impact of the changes to the EPS are primarily seen in slightly improved probabilistic scores in the extra-tropics, and better tuned spread-skill relationship - especially for 500 hPa geopotential height in the earlier forecast ranges (days 1-5).
3. Product developments

3.1. Clusters and flow regimes 
New EPS cluster products were implemented operationally in November 2010 (described in detail in ECMWF Newsletter 127). As well as the daily clustering of the EPS members, the new system includes a second component, which associates each cluster with one of four fixed climatological regimes. This shows the differences between clusters in terms of the large-scale flow and provides information about the likelihood of transitions between regimes during the forecast. This approach also enables the development of flow-dependent skill measures.

Figure 1 gives an example of the use of these climatological regimes in validating the EPS performance. The sequence of coloured circles represents the climatological regimes observed during November 2010-April 2011. The strong negative North Atlantic Oscillation (NAO) pattern which was dominant for much of winter 2009/10 was prominent in December 2010 and again for a period in February (green circles). January was characterized by a positive NAO pattern. The forecasts for these regimes seven days ahead are shown in terms of the number of EPS clusters (bars) and their classification with respect to the climatological regimes (colour-coded). The negative NAO periods in December and February and the transition to blocking at the end of February were generally well predicted. However, the EPS clearly had some difficulty in establishing the transition to the long period of blocking which occurred throughout April.
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Figure 1: EPS forecast of large-scale weather regimes. Daily time series for November 2010 April 2011 of the number of EPS clusters and observed climatological regimes (coloured circles). The EPS clusters are computed over forecast days 5–7. Each cluster is associated with one of the four fixed climatological regimes (by comparing with the cluster pattern at day 7). The climatological regime associated with each cluster is indicated by the colour of the bar: blue – positive NAO pattern, green – negative NAO, red – blocking, violet – Atlantic ridge.

3.2. Tropical cyclones

Products for tropical cyclone genesis have been implemented on the ECMWF website. A new tropical cyclone tracker is under pre-operational testing, which extends the predicted tracks from 5 days up to 10 days ahead. An example for hurricane Irene is shown in Figure 2.
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Figure 2: Forecast of hurricane Irene. The main panel shows the deterministic forecast track and the strike probability derived from the EPS for forecast started 00 UTC 22 August; the actual reported track of Irene is shown by the black dots. The right-hand panels show the predicted intensity of Irene. Top: proportion of EPS members predicting the standard intensity categories (details are printed under the map); centre: EPS distribution for maximum wind speed; bottom: central pressure. The predictions fron the deterministic forecast (black) and the EPS control (blue) are also shown on the lower panels. The observed intensity is shown by the red dots. The figure is an example of the new 10-day tracking product that is being tested during this season.

3.3. Extreme forecast index

The ECMWF Extreme Forecast Index (EFI) is one products that is widely used to provide alerts for potential severe events. Following feedback from forecasters, the current EFI products are being extended to include more parameters (e.g. snowfall and ocean waves) and later forecast ranges (currently only provided to day 5, new products will include information up to day 15). 
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Figure 3: Early warning for extreme rainfall affecting southern Europe in November 2011. EPS forecasts initialised at 00 UTC on 3 November (left) and 29 October (right); shading shows the Extreme Forecast Index (EFI) indications of extreme rainfall for the period 4-6 November.
3.4. ecCharts

The new interactive web facility aimed at forecasters (ecCharts, see Newsletter 126) has been available to operational forecasters in the Member States and Co-operating States for beta testing since the beginning of the year. Forecasters can easily zoom and pan to relocate the map to any geographical area of interest worldwide and can display a wide range of fields from the deterministic and EPS forecasts. Users have the flexibility to choose their own event thresholds for probability forecasts. Time series and EPSgrams can be displayed by clicking on any point or using the city finder tool.
4. Performance
4.1. ECMWF headline scores

ECMWF has introduced a set of six headline scores to measure the trend in performance over the next 10-year strategy period. Three of these are for the EPS (the other 3 are for the deterministic forecast). The primary headline score for the EPS is the continuous ranked probability skill score (CRPSS) for 850 hPa temperature over the extra-tropical northern hemisphere (Figure 4).
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Figure 4: Primary headline score for the EPS. Evolution with time of 850 hPa temperature ensemble forecast performance – each point on the curves is the forecast range at which the 3-month mean (blue lines) or 12-month mean (red line) of the continuous ranked probability skill score falls below 25% for northern hemisphere extratropics.

Two supplementary scores monitor the performance for surface weather (precipitation, Figure 5) and severe events (extreme winds, Figure 6). The increase in skill of the EPS forecast between mid-2009 and mid-2010 is associated with the EPS resolution increase on 26 Jan 2010 (Cy36r1). Due to the averaging, step-wise changes in model skill appear as gradual changes over 12 months in the plots. ECMWF has begun a routine comparison of the precipitation forecast skill of ECMWF and other centres for both the deterministic forecast and the EPS (using the TIGGE ensembles archived in MARS).
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Figure 5: Supplementary headline score for probabilistic precipitation forecasts. Curve shows the number of days for which the centred 12-month mean skill remains above a specified threshold for precipitation forecasts over the extra-tropics. The verification is for 24-hour total precipitation verifying against available synoptic observations in the extra-tropics; each point is calculated over a 12-month period, plotted at the centre of the period. The forecast day on the y-axis is the end of the 24-hour period over which the precipitation is accumulated. 
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Figure 6: Supplementary headline score for severe weather. Skill of the extreme forecast index (EFI) for 10m wind speed at forecast day 4 (24-hour period, 72–96 hours ahead); an extreme event is taken as an observation exceeding the 95th percentile of station climate, curves show a four-season running mean of ROC-area skill scores (final point includes spring (March-May) 2011).

4.2. Provision of scores to Lead Centre for EPS verification
ECMWF provides the agreed set of verification scores to the Lead Centre for EPS verification. 
From early in 2012 ECMWF EPS scores will be based on a new verification system. In order to form a homogeneous dataset the scores of historic forecasts have been recalculated by the new system and they will be provided to WMO verification centre. The new verification system at ECMWF uses the same grid for computations of both deterministic and probabilistic scores and it has the resolution 1.5x1.5 degrees, the new standard grid for WMO deterministic scores. For surface parameters scores calculated against observations the native model grid is used.

ECMWF provides a set of climate fields (including standard deviation and percentiles) on an ftp server to allow centres to compute the required set of WMO EPS verification scores.
