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Summary and purpose of document

The paper gives an overview of recent work and plans for EPS at ECMWF. The scientific developments can be considered as background reference information. Mention is made of the monthly and seasonal forecasts because of the strategic aim of developing a unification of the forecast systems over different time ranges. The plans for variable resolution EPS (VAREPS) and unification of the medium-range and monthly forecast systems will have implications for applications, product development and verification. Work on observation targeting is also briefly reviewed.


ACTION PROPOSED

(The meeting is invited to review the document and consider input to its conclusions and recommendations as appropriate.)
1 ECMWF Ensemble Prediction System

An Ensemble Prediction System is run at ECMWF twice per day (00 and 12UTC). 50 members (+ one control forecast) are run for 10 days at resolution T255L40 with a 45 minutes time step. Initial perturbations are generated by multidimensional Gaussian sampling from 25 singular vectors (SV) selected at T42 resolution in the extratropics, plus up to 30 SV (5 per TC) 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. 

On 1 February 2006 the resolution of the ECMWF forecasting systems will be increased. The EPS will run at T399L62 with a 30 minute time step. SVs will be calculated at T42L62.

1.1 Ensemble Prediction System developments

1.1.1 Variable resolution EPS

The Variable Resolution EPS (VAREPS) has been tested in the following configuration for 30 cases:

· 51 members

· Leg-1, d0-7
: TL399L40, 1800s time step

· Leg-2, d6-14
: TL255L40, 2700s time step (1-day overlap period)

· Increased horizontal diffusion between forecast day 5 and 7

In this configuration (VAREPS_D6), leg-2 forecast starts at forecast day 6 instead of day 7 (i.e. 1-day earlier than the end of the leg-1 forecast) but are used only after forecast day 7. 

This VAREPS configuration has been compared with a VAREPS system with leg-2 forecasts starting at forecast day 7, and with plain TL399-1800s and TL255-2700s ensembles. Results have indicated that this VAREPS_D6 configuration does not suffer from the ensemble precipitation spread reduction detected in earlier experimentation, especially over the tropical region.

The comparison of VAREPS_D6 with VAREPS_D7 and plain TL399 and TL255 (operational configuration) ensembles for 30 cases have indicated that:

· For weather variables such as total precipitation, VAREPS_D6 probabilistic forecasts have been shown to be very similarly to TL399 and significantly better than TL255 up to forecast day 7 

· The ensemble precipitation spread reduction after the day-7 truncation of configuration VAREPS_D7 has a small but detectable impact on ensemble precipitation scores at forecast day 7.5 

· For synoptic scale flow, VAREPS_D6 performs very similarly to TL399 and better than TL255 even after the truncation time 

The positive impact of increasing the resolution during the first 7 forecast days have been confirmed by other measures, for example the performance of the ensemble probabilistic predictions measured in terms of Brier skill scores.

These results suggest that configuration VAREPS_D6 is a better configuration than VAREPS_D7. From a technical point of view, IFS software has been updated and tested up to model cycle 29r1: these updates include modifications required to run VAREPS_D6 maintaining the current archiving policy also for accumulated variables. 

VAREPS_D6 has been compared with a plain TL319(d0-14) ensemble configuration with a constant resolution from day 0 to day 14 and that requires about the same amount of computing resources to be produced. The differences between these two configurations are small, but they indicate that VAREPS_D6 performs better, especially for the probabilistic prediction of weather variables such as total precipitation. 

It should be noted that due to the very high cost of running ensemble forecasts, the current dataset includes a rather limited sample of cases (30). Ongoing experiments will extend the data sample to ~50 cases. 

VAREPS is planned to be implemented during 2006. The most likely operational configuration is T399 to day 10, then T255 to day 15. In future it is planned to integrate the monthly forecast system (see Section 4) with the VAREPS. This is part of the ECMWF strategy to work towards a unifield ensemble forecast system covering different time ranges. A significant effort will be required to develop products suitable for the developing VAREPS system, to give appropriate guidance for different forecast timescales and to maximise compatibility and consistency of products.

1.1.2 Initial perturbations

The impact on the EPS of varying the number of extra-tropical singular vectors (SVs) used to construct the initial perturbations has been examined. Five ensemble configurations using 8, 16, 25, 50 and 100 extra-tropical SVs were considered (TL255L40 resolution, cycle 28r3; scaling of initial perturbation amplitude with RNORM=1.6). The spread is quite similar in all five configurations because the width of the sampled Gaussian distribution decreases with increasing number of SVs (for constant RNORM). Results based on 27 cases suggest that ensemble scores saturate around 50 extra-tropical SVs. 

A revised configuration of the Gaussian sampling was developed, which differs from the Gaussian sampling operational since September 2004 in four aspects: 


i) 
50 instead of 25 extra-tropical SVs, 


ii)
normalised evolved SVs, 


iii)
a new algorithm to scale the initial perturbation amplitude and 


iv)
 plus-minus symmetric initial perturbations of pairs of members.

The revised Gaussian sampling configuration has been tested on 59 cases in Feb/Mar/Aug/Sep ’04 (cycles 28r3/29r1). The revised Gaussian sampling leads to a moderate spread reduction which is largest in the early ranges (Table 0.1). The reduction of spread improves the match between ensemble spread and error of the control forecast. The normalisation of the evolved SVs results in a geographically more homogeneous initial spread which is more consistent with the assimilation scheme’s estimate of the standard deviation of analysis errors. The new algorithm to scale the width of the sampled Gaussian distributions does not rely on the rotated perturbations any more for the comparison with analysis error estimates. This is considered to be more consistent with the multivariate Gaussian sampling approach and yields a significant speed up of the task that generates the initial perturbations from the singular vectors. The impact on probabilistic scores of extra-tropical height anomalies is positive in both hemispheres and in particular for Europe. The introduction of a plus-minus symmetric sampling approach renders the ensemble mean at initial time identical to the control forecast. Thereby, the RMS error of the ensemble mean is reduced. E-suite testing has confirmed the moderate but consistently positive impact on the EPS of the revised Gaussian sampling which had been implemented in cycle 29r2 (April ’05).

Table 0.1: Relative change of Z500 spread in extra-tropics due to revised Gaussian sampling using 50 SVs (59 cases).

	
	Northern Hem
	Southern Hem

	Forecast range (d)
	2
	5
	10
	2
	5
	10

	Rel. spread change (%)
	−8
	−4
	−1
	−14
	−8
	−2


Finally, experimentation testing the impact on the EPS of SVs computed with the new and revised moist TL/AD physics has resumed (using cycle 29r1 plus the revised Gaussian sampling configuration). 

1.1.3 Model tendency perturbations

The impact of adding a new scheme to perturb model tendencies based on a Cellular Automaton Stochastic Backscattering Scheme (CASBS) has been tested at various resolutions (TL159-TL799) and for a range of parameters controlling the spatial and temporal scales as well as the amplitude of the backscatter forcing.  The scheme introduces more variability at the near-gridscale, which seems to have a positive impact on the kinetic energy spectrum. CASBS can increase ensemble spread in the late medium-range more than operational stochastic physics. Further tests to determine the optimal ratio of initial to tendency perturbation amplitudes are required.

Another scheme to perturb tendencies based on Cellular Automata is under development.  It attempts a better representation of the Madden-Julian oscillation by adding a non-local stochastic forcing in the tropics. This forcing aims at modelling subgrid-scale fluctuations of convective processes that are not represented by current convective schemes. In order to model eastward propagating convectively organized cloud-clusters as well as individual westward propagating convective cells, a multi-scale cellular automaton has been developed outside the IFS. Tests will be performed as soon as the code is integrated into the IFS.

1.1.4 Calibration and combination

A systematic investigation of the impact of various calibration and combination methods on the forecast quality of the EPS has been started.

In order to assess the potential benefits of a simple bias-correction scheme, a limited set of re-forecasts for the period 1980 - 2001 has been produced. Not unexpectedly, the potential to reduce the bias varies with lead-time, variable, and season considered. It seems e.g. that shorter lead times and 2m temperature benefit more from bias correction schemes than longer lead times and mean sea level pressure forecasts. It is planned to extend these investigations to include more advanced methods like logistic-regression. However, to be able to test such methods, additional re-forecasts (including not only the control but also a number of perturbed ensemble members) have to be produced.

The potential benefits of combining information from the high-resolution deterministic forecasts with 00z and 12z ensemble forecasts have been tested with the so-called Bayesian Model Averaging (BMA) scheme. This post-processing scheme does not rely on long re-forecast data sets but uses only information from a limited number of recent forecasts (e.g. the last 40 days of forecasts). Based on this training data set different weights are applied to the high-resolution deterministic, the control and the 00z and 12z perturbed forecasts. First results suggest that it might be difficult to achieve significant improvements of the un-weighted ECMWF EPS with this scheme. However, more detailed investigations and diagnostics are necessary, in particular in view of the expected activities related to the emerging TIGGE project.

2 TIGGE (the THORPEX Interactive Grand Global Ensemble)

More than 70 delegates from various European and non-European organizations attended the 1st TIGGE Workshop held at ECMWF from 1 to 3 March 2005. The workshop was instrumental to collecting the views of the community on what the TIGGE science aims should be, what the requirements are for use of the TIGGE data and hence what the infrastructure requirements are. During the workshop, the strategy required to achieve TIGGE’s goals, user requirements and TIGGE’s infrastructure design to meet these requirements were discussed. The workshop report, which has been completed in collaboration with the UK Met Office (D Richardson), has been published by the World Meteorological Organization (WMO/TD-No. 1273, WWRP/THORPEX-No. 5, available from WMO). 

3 Targeted observations

3.1 Singular vector structure and initial time norm 

The structure of Hessian singular vectors targeted on Europe has been examined for 10 cases in Nov/Dec 2003 using a T42 dry TL/AD model and a 48-hour optimisation time. Singular vectors were computed with two configurations: (a) using the background error covariance matrix only (partial Hessian) and (b) using both the background and observational error covariance matrices (full Hessian). The leading singular vector structures based on the full Hessian have a more limited horizontal and vertical extent whereas the structures of the singular vectors based on the partial Hessian are much deeper and broader in nature. The results indicate that the inclusion of the observational information in the full Hessian penalises the large-scale equivalent barotropic modes that are obtained with the partial Hessian, leaving smaller-scale baroclinic-type structures in the lower troposphere (that are more similar to the types of modes obtained using a total energy initial norm). These results have particular implications for observational sampling; if the singular vector structures tend to be large-scale and located above cloud-level heights then they can be accurately sampled by satellites. However, if the singular vectors tend to be confined to locations below cloud levels, then satellite sampling can be severely limited and the use of supplemental in-situ observations is expected to be beneficial.

3.2 The value of targeted observations

In collaboration with the Satellite and Data-assimilation Sections, research has started to assess the value of targeted observations. In particular, experiments have been designed to address the following three key questions:

a)
What is the ‘value’ of ocean observations for downstream short-range forecasts? For example, what is the value of Pacific (Atlantic) observations for 2-day forecasts over North America (Europe)?

b)
Can singular-vectors be used to identify dynamically ‘valuable’ target regions?

c)
How sensitive is the ‘value’ of observations to the region and the atmospheric flow? 

Two verification regions have being considered, one centered over Europe and one over North-America: for each verification region, analyses and corresponding forecasts have been generated with observations removed in specified target regions. A first set of experiments focused on winter 2003/2004 (90 cases) have been completed, while a second set focused on summer 2004 (90 cases) has just started.

Concerning the first question, winter 2004/2005 results have indicated that removing all observations from the oceans can increase the forecast error not only in the downstream region but also over the whole Northern Hemisphere. Concerning the second question, winter 2004/2005 results have indicated that singular-vectors perform better than chance in identifying potential target regions.

Work is in progress to assess whether these results hold also for summer, and to further investigate their sensitivity to the atmospheric flow.

4 Monthly Forecasting

The monthly forecasting system has been running operationally once a week on Thursday instead of every 2 weeks since October 2004. The monthly forecasting products are now disseminated. The dissemination includes model anomalies and climate. During the past year, there have been several changes in the model physics: cycle 28R3 in October 2004, cycle 29R1 in April 2005 and cycle 29R2 in June 2005. The performance of the monthly forecasting system over the past year is in general consistent with the scores obtained in the previous years. During the 2004/2005 winter, the model displayed some particularly strong skill in predicting a cold anomaly over Europe that lasted about two months, with ROC scores exceeding 0.7 for forecast range 19-32 days over Europe. Interestingly, the model was able to predict the change of weather regime in mid-January more than 10 days in advance.

5 Multi-model seasonal forecasts

Substantial progress has been made on the multi-model seasonal forecasting system. Both the Met Office and Météo-France forecasting systems are now running in operational mode, with all data being processed and archived in the ECMWF data systems, and with standard ECMWF graphical products from both models being produced. The work of the Met Office has concentrated on replacement of Glosea1 by Glosea2, which became effective early 2005. The first Météo-France system had significant problems with the SST initial conditions, and a second system has been implemented to replace it. Multi-model products based on the three systems are close to implementation. Even though the skill of the individual models differs appreciably, especially in the first few months, it can be demonstrated that a multi-model combination does add value compared to using just the best one or two models. Some issues remain regarding drift and inhomogeneities in the forecasting systems (e.g. recent Météo-France forecasts are systematically cooler than their earlier forecasts). Météo-France are planning a third system to be introduced next year, which will address the remaining issues in the ocean initial conditions, and is also likely to provide a longer period of back integrations, which will make multi-model combination easier. Only at this point is it likely to be feasible to introduce more sophisticated ‘weighted’ versions of multi-model combination for the spatially mapped forecast products.
