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Summary and purpose of document

This document contains an overview of recent development on long-range forecasting and on long-range forecasts validation and verification at the ECMWF.

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the production of long range forecast and verification scores. 

LONG-RANGE FORECASTING (LRF) PROGRESS REPORT FOR ECMWF

(Submitted by Laura Ferranti, representative of the ECMWF on the CBS expert team to develop a verification system for long-range forecasts)

1. Introduction

Since 1997, ECMWF issues global seasonal predictions routinely every month.  In 2000 the seasonal forecasts became part of the operational products and by mid-2000 the seasonal forecast products became available to the all the WMO members. 

The ECMWF seasonal forecast is a dynamical system consisting of a coupled atmosphere-ocean model and an ocean analysis.  During 2002, a substantial upgrade was made to the seasonal forecasting system.  A brief description of the operational system is given in section 2.  In section 3 products and verification are discussed. Section 4 describes envisaged future implementations.

2. The current seasonal forecasting systems

The current seasonal forecasting system, was introduced into operational use at the beginning of 2002.  It differs from the original system in a number of ways.  The atmospheric component is CY23R4 of the IFS with a horizontal resolution of TL95 and 40 levels in the vertical.  This is the same cycle of the IFS as was used in the ERA40 re-analysis.  The ocean model resolution was increased to 0.3 degrees meridionally near the equator and to 1 degree x 1 degree at higher latitudes; the vertical resolution of the ocean increased from 20 to 29 levels.  Changes were also made to the ocean model physics, mainly the parameterisation of vertical mixing.  

Substantial changes were made to the ocean assimilation system.  The ocean initial conditions are provided not from a single ocean analysis but from a 5-member ensemble of ocean analyses.  The analyses differ in that a measure of uncertainty in the surface winds used to force the ocean is taken into account.  

The ensemble ocean analysis is part of the new method of ensemble generation in the operational seasonal forecast system.  Each ensemble forecast consists of 40 members all with initial conditions on the 1st of the month.  The ensemble forecast’s design aims to represent the most important uncertainties in the initial conditions.  Uncertainties in SST values are represented by 40 different SST perturbations added to the 5 ocean analyses in order to create a 40-member set of ocean initial conditions from which the forecasts are launched.  In addition, stochastic physics (Palmer 2000) is used to perturb the coupled integrations throughout the forecast period.  This gives a significant de-correlation of the atmospheric flow in the tropics in the first few days of the forecast, compensating for the fact that perturbations to the atmospheric initial conditions are not included.  The 40-member ensemble can be run once the ocean analyses are available, generally on the 11th of each month.  Because a large amount of computation is involved, and to ensure reliable delivery, the operational release date for the forecast is set at the 15th of the month.  This is still a big improvement in timeliness over the original system.

As with all models, the seasonal forecast system is not perfect.  One symptom of this is climate drift: the model climatology does not match the observed climatology.  To account for this, the forecasts need to be referenced to the model climatology.

The estimate of the model climatology is based on an ensemble of 5 integrations spanning the years 1987- 2001.  This 15 year climate gives a more stable basis for computing anomalies than the 6 year climate available in the original system.  For a further description of the original and operational system, including an assessment of their different characteristics see Anderson et al 2003.  

3. Seasonal forecast products and verification

3.1 Accessing data and products

A selection of graphical products from the seasonal forecast system is displayed on the ECMWF webpages.  All plots can be downloaded as postscript or pdf files, as well as being viewed on screen. Global spatial maps of 2 metre temperature, precipitation and mean sea level pressure are shown, in the form of probabilities for tercile and 15%ile categories as well as the ensemble mean anomaly and the probability of exceeding the climate median.  The Nino SST indices include the Nino 3.4 and Nino 4 regions as well as Nino 3, and the ocean analysis plots include several meridional sections, as well as zonal and horizontal maps.

 A large number of different model fields from seasonal forecast (both forecast and hind-cast) is archived although only a small subset of these are presently listed in the ‘ECMWF catalogue’ for commercial use. A full list of the output fields can be found in section 3 of the online Seasonal Forecast User Guide, at http:/www.ecmwf.int/products/forecasts/seasonal/documentation.  The comprehensive data archive allows the development of a full range of sophisticated products, and in particular the synoptic variability of each ensemble member is well resolved.  The upper air and surface fields should be sufficient for statistical downscaling techniques, including those that require the synoptic evolution of the system.  The archive does not include the full model level data that would be required to drive regional dynamical models, since to store the full global fields for all ensemble members would be excessive.  Ocean analysis data are also archived.  For further details see http://www.ecmwf.int/products/forecasts/seasonal/documentation/ch3_2.html

3.2 Verification

For a correct interpretation of seasonal predictions the user needs to complement the forecast products with knowledge of the forecast skill.  The site at http://www.ecmwf.int/products/forecasts/d/charts/seasonal/verification provides a comprehensive documentation of skill levels, using methods that have been agreed at the international (WMO) level for the evaluation of long-range forecast systems.  A suite of verification scores for deterministic (e.g. spatial anomaly correlation and Mean Square Skill Score Error (MSSE)) and probabilistic forecasts can be viewed.  The construction of such verification suite has benefited from developments in the framework of the DEMETER project.  Although we can take advantage of the experience in the medium range forecast verification, evaluating seasonal forecast skill involves dealing with a generally small signal to noise ratio and limited sample of cases.  Significance testing methods are therefore particularly relevant and this is something we hope will be increasingly reflected in the verification statistics provided to our users.  Verification is typically updated once a year, at the moment the latest data included are for March April May 2003. 
3.3 Seasonal Forecast performance during 2003-2004 

During the early months of 2003 the warm sea surface temperature anomalies over the equatorial Pacific steadily decreased. Since April 2003 oceanic conditions have been near to normal. Figure 1 shows Nino-3.4 predictions throughout the year with subsequent verification (heavy blue dashed line).  In general, the forecast over the Nino areas verified well. For December and March the observations are outside the predicted range, indicating that the system was overconfident on that occasion. Insufficient spread was confirmed over the Nino-4 area (not shown).  The latest, yet to be verified, El Nino forecasts indicate some persistence of warm anomalies over the Nino3.4 area.

Summer 2003 over Europe was one of the hottest on record (Schär et al. 2004; Grazzini et al., 2003) and despite the fact that the overall predictability over Europe is rather poor we have analysed the performance of the seasonal forecast predictions for such an extreme event.  In a large area, mean summer temperatures exceeded the 1958-2001 mean by ~3C, corresponding to an excess of up to 4 standard deviations (Figure 2, upper panel).  The lower panels show the probability given by two successive forecasts that 2m-temperature will be above normal during the summer (upper tercile of the climate distribution).  While many of the probabilities over France lie in the range of 50-60% during the May forecast (left), this signal was not there a month earlier (right).  During the last 2 weeks of April the Mediterranean basin warmed quite rapidly. It is possible that the May forecast, by persisting this SST anomaly, produced a better signal.  However, the warm conditions over the Mediterranean did not help the forecast initiated in June to make realistic predictions for the July to September period either (not shown). It is important to note that SST predictions were generally realistic in persisting the warm SST anomaly over the Atlantic Ocean.  The North Atlantic SSTs have been considerably above average during the past two years. Since April they have remained above 2 standard deviations across the high latitudes and also across large portions of the Subtropics.  This warm condition seems to be associated with an ongoing warm phase of the Atlantic multi-decadal mode. Predictions for DJF 2003/04 successfully reproduced the ridge and warm anomalies over the North Atlantic, probably due to these long standing warm SST anomalies.  On the other hand, over the Indian Ocean, positive SST anomalies in late spring and summer 2003 were under-predicted. In this area of warm waters, relatively small anomalies (about +0.5 degree) can have a significant impact on the monsoon circulation and, in turn, affect the summer circulation over the Mediterranean basin.  It is difficult to establish to what extent the poor seasonal predictions for the European hot summer are due to model errors or are related to the 'true' low predictability level of this event.  Results from an ensemble of simulations with an atmospheric model forced by observed SST conditions (see Figure 3) indicate that even with prescribed oceanic conditions, the event was difficult to predict.  Since ECMWF seasonal predictions will come from a multi-model, ensemble-based seasonal forecast system in the near future, it is interesting to study the performance of the other models.  Similar inconsistence between predictions initiated in May and those initiated in June was also found in the Météo-France forecasts (André et al. 2004) and in the Met Office forecasts. 

The summer of 2003 was anomalously dry and hot in many parts of Europe and it has been suggested that soil moisture might play a role.  This is because the long memory of soil moisture might provide some predictability on the seasonal time scales.  Comparison with ERA-40 shows that the operational soil water analysis was extremely dry from March to September 2003 with August 2003 being drier than any of the months in ERA-40. Despite the dearth of soil water observations, there is evidence that the ERA-40 annual cycle of soil moisture is too small, and that the soil analysis increments, with a large wetting in summer, reduce the annual cycle and make the soil overly moist in summer.  The above analysis highlights the large uncertainties in the analysed soil moisture values.  Since the memory of the soil water variable can potentially enhance the predictability of extended range forecasts, it is especially relevant for the monthly and seasonal forecast to document the model sensitivity to the soil moisture initial conditions.  Ensembles of 4-month integrations, forced with observed sea surface temperature (SST), were performed, with initial soil moisture between the surface and a depth of one metre set to prescribed uniform values in a large European area; values chosen ranged from very dry values, effectively shutting-off model evaporation (soil moisture index, SMI=0), to very wet values (SMI=100).  Atmospheric response to large (very large) soil moisture initial perturbations extends up to month 2 (month 3).  The atmospheric response is non-linear, and larger for drier regimes.  Extending the perturbations to the soil below the root zone (to a depth of 2.89 m) increases the atmospheric response and its memory.  The conclusion is that the memory due to soil moisture can be up to 3 months if the anomalies are large.  It is not yet clear which forcing - if any - was instrumental in maintaining the large-scale, anti-cyclonic circulation for longer than a season.  However, the dry soil conditions certainly contributed to amplifying the local temperature anomalies.  The large uncertainties in the soil moisture analysis and the atmospheric response to soil water conditions, documented in this study, suggest that further work needs to be done: i) to improve soil moisture assimilation; ii) to account for the uncertainty in the initial state of soil water content by introducing properly scaled initial perturbations into the initial conditions.

5. Future developments

The new seasonal forecasting system at ECMWF gives users access to a much wider range of products and data, and much better information on the performance characteristics of the system.  Its ability to forecast El Nino type SST variability is well established, although the forecasts are not yet completely reliable.  Based on a limited sample of ~15 years, the statistics suggest that there are many areas and parameters for which the atmospheric forecasts also have some skill, but the results are geographically variable and subject to sampling error.  

 Model error is a serious source of forecast error but this can be partly addressed by the use of several models.  In the near future we plan to include the Met Office and Meteo-France models as part of the seasonal forecasting system and hopefully to include other models later.  There is much work still to be done, but we are confident that we will continue both to improve our model forecasts, and to improve our ability to represent the forecast uncertainties.

The land surface is recognised as important on seasonal and sub-seasonal timescales, both in terms of modelling and initialization.  Seasonal forecast skill could benefit from further work on this topic. 
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Figure 1: Plot of forecasts of Nino-3.4 at four start dates September, December 2003 March and October 2004.  The red lines represent the 40 ensemble members.  The heavy dashed line represents subsequent verification. 
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Figure 2: a) 2m temperature anomalies for summer (JJA) 2003. Anomalies are defined as the departures of the operational analysis from the ERA-40 (1958-2001) reference climate.  b,c) probability of exceeding the upper tercile of 2m temperature, in the model climate distribution, during June-July-August 2003 given by the ECMWF seasonal forecasting system. The forecast ensemble starting date is 1 May 2003 and 1 April 2003.
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Figure 3: Probability of exceeding the upper tercile of 2m temperature, in the model climate distribution, during June-July-August 2003 given by an ensemble of atmospheric simulations forced by observed SST. The starting date is 1 May 2003.

