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Summary and purpose of document

This document summarises the ECMWF experience in assessing th skill of the ERF. Such information is relevant for the planning of a future operational exchange of extended-range forecasts
Action Proposed

The meeting is invited to consider the contents
1.
Extended Range Forecasting System at ECMWF
At ECMWF an ensemble of ERF is produced twice week (every Monday, Thursday) and most of the products are based on calendar weeks (Monday to Sunday). The VarEPS/monthly forecasting system has been built as a combination of the medium-range ensemble prediction system (EPS) and the seasonal forecasting system. It contains features of both systems and, in particular, is based on coupled ocean-atmosphere integrations, as is the seasonal forecasting system.

The monthly forecasts are based on an ensemble of 51 coupled ocean-atmosphere integrations (one control and 50 perturbed forecasts). The length of the coupled integration is 32 days. The atmospheric component is the same as the integrated forecasting system (IFS) with the same cycle as the operational medium-range deterministic forecast. The frequency of coupling is higher than in seasonal forecasting (every 24 hours), since high-frequency coupling may have some impact on the development of some synoptic-scale systems, such as tropical cyclones. 

The first operational real-time monthly forecast was realized on Thursday, 7 October 2004.  Before March 2008, the monthly forecasting system was a separate system, after that the real-time VarEPS/monthly forecasting system has replaced the monthly system.   This new system consists of 51-member ensemble of 32-day integrations. The first 10 days are performed with a TL399L62 resolution forced by persisted SST anomalies. After day 10, the model is coupled to the ocean model and has a resolution of TL255L62. The extension of VarEPS to 32 days is performed every Monday and Thursday. Since January 2009 the monthly forecast spatial resolution has increased to TL639L62 for the first 10 days and to TL319L62 after 10 days.

Similar to the seasonal forecast, in order to construct ERF products a set of re-forecasts (hind-casts) is used. In the present system, the set of re-forecasts consists of five-member ensemble of 32-day coupled integrations, starting on the same day and month as the real-time forecast for each of the past 18 years. 

Monthly forecasting products are displayed on the ECMWF web pages. They include anomaly, probability and tercile maps based on comparing the 51-member ensemble distribution of the real-time forecast with the distribution of the model climatology. The forecasts of 2m temperature, precipitation and mean-sea-level pressure are averaged over seven days. The seven-day periods correspond to days 5-11, days 12-18, days 19-25, days 26-32 of the Thursday forecast and 1-7, 8-14, 15-21, 22-28 of the Monday forecast. These periods have been chosen so that they correspond to Sunday to Monday calendar weeks. The range of products from the VarEPS/monthly forecasting system includes probability of occurrence of weather regimes and predictions of the MJO time evolution.

2.       Verification

For the purpose of evaluating the skill of extended-range forecasts, the adopted definition of weekly periods has the advantage that the second weekly period is beyond day 10 and corresponds almost to the first week after the 10 days time-range. The length of the monthly forecasting system is 32 days, so that it contains four of these weekly periods. In general the model displays strong potential predictability over a large portion of the extra-tropics for the period 12-18 days. However, there is generally a sharp decrease of potential predictability in the last two weeks of the forecasts. 
After 10 days, the spread of the ensemble forecast starts to be large, and the forecasts are essentially probabilistic. The probabilistic scores of the monthly forecasting system are evaluated through the scores obtained with weekly averaged surface temperature, 2m temperature, precipitation and mean-sea-level pressure. Basic methods for verifying probabilistic forecasts, such as Relative Operating Characteristics (ROC), have been in use for several years at ECMWF for medium-range EPS products and the methodology has being naturally extended to monthly forecasts. Figure 1 (taken from the web site) shows how the skill decreases from day 12-18 to 26-32. The ROC score maps display the ROC score computed over each grid point with a resolution of 2.5 degrees longitude by 2.5 degrees latitude of monthly forecast anomalies. All the real-time monthly forecasts since 7 October 2004 have been used in this calculation. The red colors correspond to ROC scores larger than 0.5 (the monthly forecast has more skill than climatology) and the blue colors correspond to ROC scores below 0.5 (the monthly forecast has less skill than climatology). The anomalies are relative to the past 18-year model climatology. The monthly forecasts are verified against ERA40 reanalysis or the operational analysis when ERA40 is not available.
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Fig.1 ROC score maps for forecast range : 12-18, 19-25 and 26-32 days. Red colors correspond to ROC scores larger than 0.5 (the monthly forecast has more skill than climatology) and the blue colors correspond to ROC scores below 0.5 (the monthly forecast has less skill than climatology).

Results have shown that the skill beyond day 15 is rather sensitive when a slight change in the definition of weekly mean is introduced. For example the skill at day 16-22 is significantly different from the skill at 19-25. 
Figures 3 and 4 show respectively the ROC and reliability diagrams of the probability that the 2-metre temperature is in the upper tercile over land points in the northern Extratropics. The day 16-22 forecasts starting on the 18th display higher ROC areas (0.66 instead of 0.63) and more reliability (Brier skill score of 0.05 instead of 0.02) than the day 19-25 forecasts starting on the 15th.  The difference of ROC and Brier skill scores between the set of hindcasts is statistically significant within the 10% level of confidence using a 10000 bootstrap re-sampling procedure. 

The difference between the day 16-22 forecasts starting on the 18th and the day 19-25 forecasts starting on the 15th is particularly large over Europe (Figs 5 and 6) and North America (Figs 7 and 8). The ROC area of the day 16-22 forecasts starting on the 18th reaches 0.67 over Europe and 0.70 over North America compared to 0.63 over both regions for the day 19-25 forecasts starting on the 15th.  The reliability is also significantly improved over Europe and North America (Figs 6 and 8) with a Brier skill score of about 0.11 over North America compared to 0.03 for day 19-25. Those results suggest that issuing a monthly forecast on Sunday would help to produce more reliable and accurate forecasts of the third calendar week than the Thursday forecasts, particularly over Europe and North America. Similar results are obtained with the probability of 2-metre temperature in the lower tercile. 
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Fig.3: ROC diagram of the probability of a 2-metre temperature anomaly in the upper tercile over the Northern Extratropics for the third calendar week. The blue line represents the scores of the hindcasts starting on the 18th and averaged over the period day 16-22. The red line represents the scores of the hindcasts starting on the 15th and averaged over the period day 19-25. Only land points are scored.
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Figure 4: Reliability diagram of the probability of a 2-metre temperature anomaly in the upper tercile over the Northern Extratropics for the third calendar week. The blue line represents the scores of the hindcasts starting on the 18th and averaged over the period day 16-22. The red line represents the scores of the hindcasts starting on the 15th and averaged over the period day 19-25. Only land points are scored.
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Figure 5: Same as Figure 3 but for Europe.
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 Figure 6: Same as Figure 4 but for Europe.
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Figure 7: Same as Figure 3 but for North America.
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Figure 8: Same as Figure 4 but for North America.

Recently ECMWF has been looking at the skill of the ECMWF monthly forecast system in predicting Euro-Atlantic weather regimes. Results show that the third calendar week of the Monday forecasts ( forecast day 15-21) has some skill which is larger than climatology and than a forecast based on persistence of the previous weeks. In contrast the third calendar week of the Thursday forecasts ( forecast day 19-25) has no skill. (see Table.1)  This result indicates that a small shift of 4 days in the forecast range has a great impact in the weekly mean scores. This element has to be taken into consideration in the discussion of the a future operational exchange of extended-range forecast.
	Forecast 
Range 
	BSS 

	  1-7 days 
	 0.88 

	 5-11 days 
	 0.35     -0.05 

	12-18 days 
	 0.09     -0.06 

	15-21 days 
	 0.07     -0.02 

	22-28 days 
	-0.02 

	19-25 days 
	-0.03 

	26-32 days 
	 0.0 


Table1. Brier Skill scores computed for different forecast ranges measuring the ability of predicting the right large scale circulation described by 4 Euro-Atlantic weather regimes (NAO+/-, Blocking and Atlantic Ridge). Blue number referres to the BSS of the forecast based on persistence of the previous weeks.
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