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Summary and purpose of the document

This document describes the status of ERF and its products.

ACTION PROPOSED

The meeting is invited to consider this information for discussion.

DISCUSSION

The Extended Range forecasts are forecasts that span from 10 to 30 days. 
The extended range forecast bridges the gap between the medium range and the long range (from 30 days to 2 years).  It has a mixed and demanding nature since it is short enough that the atmosphere retains some memory of its initial state and long enough that ocean variability has an impact on the atmospheric circulation. 
At ECMWF an ensemble of ERF is produced once a week (every Thursday) and some of the products are based on calendar weeks (Monday to Sunday) (a brief description of the ECMWF ERF can be found at the end of this document).  Products from ERF are mainly used to predict atmospheric fluctuations on the intra-seasonal time scale.  For the ERF it is difficult to suggest an ideal temporal resolution, anything from 5 to 10 days averages could be justified.  The temporal resolution depends also on the length of the ERF forecast.
ERF presented as an extension of the medium range?
Similarly to the LRF products the ERF ones are generally expressed in terms of ensemble mean anomalies and probabilities stratified in different categories.  The list of products recommended for the LRF (appendix II-6 of the CBS manual) could be considered as a valid starting point for a possible list of recommended ERF products.  In addition products related with the intra-seasonal fluctuations of monsoon rainfall, large scale organized convection anomalies (MJO) and large scale weather regimes (blocking, NAO..) could be suggested.   
VarEPS/monthly forecasting system at ECMWF
The monthly forecasting system has been built as a combination of the medium-range ensemble prediction system (EPS) (Buizza et al. 2001) and the seasonal forecasting system (Anderson et al. 2003a,b).  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, and it is issued every week (on Thursday).  The atmospheric component is the same as the integrated forecasting system (IFS) with the same cycle as the operational medium-range deterministic forecast.  The oceanic component is the same as for seasonal forecasting system 3. It consists of the Hamburg Ocean Primitive Equation (HOPE) model developed at the Max Planck Institute.  The ocean model has lower resolution in the extratropics but a higher meridional resolution in the equatorial region in order to resolve ocean baroclinic waves and processes, which are tightly trapped at the equator.  The ocean model has 29 levels in the vertical.  The atmosphere and ocean communicate with each other through a coupling interface called OASIS (Ocean,Atmosphere, Sea-Ice, Soil), which was developed at the Centre Européen de Recherche et de Formation Avancée en Calcul Scientifique (CERFACS).  The atmospheric fluxes of momentum, heat and fresh water are passed to the ocean every hour and, in exchange, the ocean sea surface temperature (SST) is passed to the atmosphere.  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. 
Oceanic initial conditions originate from the oceanic data assimilation system used to produce the initial conditions for the ECMWF seasonal forecasting system.  However, the oceanic data assimilation system lags about 12 days behind real time.  In order to “predict” the ocean initial conditions, the ocean model is integrated from the last analysis, forced by the analyzed wind stress, heat fluxes and precipitation-minus evaporation from the operational analysis.  During this “ocean forecast”, the sea surface temperature is relaxed towards persisted SST, with a damping rate of 100 Wm-2K-1.  This method allows us to produce monthly forecasts in “real-time” without having to wait for the ocean analysis to be ready.

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 Thursday. 
After 10 days of coupled integrations, the model drift begins to be significant.  The effect of the drift on the model calculations can be estimated from integrations of the model in previous years (the back-statistics).  The drift is removed from the model solution during the post-processing. In the present system, the model climatology (back-statistics) is deduced from a 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 and days 26-32.  These periods have been chosen so that they correspond to Sunday to Monday calendar weeks.  For the purpose of evaluating the skill of extended-range forecasts, this definition 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. Figure 1 displays a typical example of a probability map produced by the ECMWF monthly forecasting system.  The example displayed in Figure 1 is the probability that the weekly-mean 2m temperature anomalies (relative to the model climatology from the past 12 years) predicted by the monthly forecast starting on 24 January 2008 are below the lower third of the model distribution.  Typically, the percentage of areas that are coloured decreases week by week, indicating that the model drifts towards its climatology.  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.  The range of products from the VarEPS/monthly forecasting system includes probability of occurrence of weather regimes and predictions of the MJO time evolution. 
Verification of the monthly forecast 
On the web site the verification statistics is regularly updated. The analysis used to verify the monthly forecasting system is the ECWMF operational analysis or ERA-40 reanalysis when available.  For precipitation, the operational or the ERA-40 forecasts of precipitation between 12 and 36 hours are used as verification data.

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 have been in use for several years at ECMWF for medium-range EPS products and the methodology has being naturally extended to monthly forecasts. The Relative Operating Characteristics (ROC) curve shows, for a range of different probability thresholds, hit-rates versus false-alarm-rates of forecasts of a particular event in different regions.  Figure 2 displays an example of ROC diagrams obtained with four different periods: days 5-11, days 12-18, days 19-25 and days 26-32. In Figure 2(a) the event scored is the probability that the 2m temperature is in the upper tercile over each grid point of the northern extra-tropics.  Only grid points over land are considered.  For the monthly forecast, the upper tercile has been computed relative to the model climatology.  In that respect, the systematic bias of the model has been taken into account.  Figure 2 shows how the probabilistic scores the ROC score is of order of 0.8, and drops to 0.7 in the next week.  It drops again to about 0.6 in the following week.  The ROC scores for days 19-25 and days 26-32 are close.  The statistics collected up to now suggest that for days 12-18 the model has some moderate skill, and performs better than climatology.

For the two following weeks, the model displays some low skill, but the performance seems generally slightly better than climatology.  The point map of ROC scores for the probability that the 2m temperature anomalies are in the upper tercile  (Figure 3) are used to give an indication of the spatial distribution of the skill. Figure 3, for example shows that over the vast majority of land points, the ROC score exceeds 0.5 suggesting that the model performs better than climatology. Figure 3b shows the point map of ROC for days 19-32.  The skill is generally much lower than the one obtained over days 12-18. 
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Fig.1  Probability of 2m temperature anomalies predicted by the monthly forecast being below normal (lower tercile of model climate). Each panel represents one seven-day period. 
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[image: image5.png]ECMWF Monthly Forecast, 2mim _in upper tercile , Area:Northern Extratiopics.
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Figure 2 ROC diagrams of the probability that the weekly mean

2m temperature is in the upper tercile. The diagrams have been calculated over all the grid points over the northern extra-tropics (north of 30°N). 
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Figure 3 Map of ROC scores of the probability that the 2m temperature is in the upper tercile (defined from the model climatology) for days 12-18 and 19-32.  The red corresponds to ROC scores higher than 0.5 (better than climatology) and the blue corresponds to ROC scores lower than 0.5 (worse than climatology).
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