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Summary and purpose of the document

This document reports on the status of the implementation of a European real-time multi-model seasonal forecast system. 

ACTION PROPOSED

The meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the exchange of ensemble products and development of multi-model ensembles.

Reference:

Palmer, T.N. and collaborators, 2004: Development of a European Multi-Model Ensemble System for Seasonal to Inter-Annual Prediction (DEMETER). Bull. Amer. Met. Soc., 85, 853-872.

Towards a multi-model real-time ensemble system for seasonal prediction: the EURO-SIP consortium (ECMWF, Met Office and Météo-France)

(Submitted by Mike Davey and Laura Ferranti)

1. Background

The ocean, land and atmosphere models used in seasonal forecast systems contain biases and errors that contribute substantially to forecast uncertainty.  With a multi-model ensemble it is possible to represent some of these uncertainties and hence improve the quality of forecasts.  A multi-model ensemble-based system for seasonal-to-interannual prediction was developed in the European DEMETER (Development of a European Multi-model Ensemble system for seasonal to inTERannual prediction) project, supported by the European Union Fifth Framework Environment Programme.  Results from DEMETER show enhanced reliability and skill for the multi-model ensemble over a more conventional single-model ensemble approach. (See Palmer et al. 2004, http://www.ecmwf.int/research/demeter , and the Tellus 2005 special issue.)

Building on the success of DEMETER, a European consortium has been developing and operating a real-time multi-model ensemble forecasting system, as described below. Forecasts are produced each month.  Most of the computation (running the model ensembles, processing and archiving output) is carried out at ECMWF, making use of a common framework.

2. The real-time EURO-SIP system and its implementation

The EURO-SIP (European Seasonal to Interannual Prediction) multi-model system currently has three participants (ECMWF, Met Office and Météo-France), who have each developed an independent coupled general circulation model.

The ECMWF model is system2 (soon to be upgraded to system3).  The atmospheric component has a spatial resolution of ~200km and 40 levels in the vertical.  Ocean initial conditions are taken from the ECMWF ocean analysis system.  The forecast ensemble size is 40, and hindcasts integrations cover the period 1987-2001.  The hind-cast ensemble size is 5 (soon to be increased to 11).  Documentation of the ECMWF operational system is available at

http://www.ecmwf.int/products/forecasts/seasonal/documentation .

The Met Office model is GloSea.  The atmospheric component has a horizontal spatial resolution of 2.5x3.75 degrees and 19 levels, while the ocean has 40 levels.  Ocean initial conditions are taken from the Met Office ocean analysis system.  The forecast ensemble size is 41, and 15-member hindcasts for the period 1987-2001 are used for calibration.  Documentation of the Met Office GloSea system is available at http://www.meto.gov.uk/research/seasonal/glosea.html .

The Météo-France model is Arpege/ORCA. Arpège4 (the atmospheric component) has 31 vertical levels and a spatial resolution of about 300Km.  ORCA (the oceanic component, OPA8.2) is an ocean model developed at LOCEAN in Paris.  The ocean initial conditions are prepared by MERCATOR in Toulouse.  Forecast ensemble size is 41, and hind-casts cover the period 1993-2004 with a 5 member ensemble.

All the ocean components have enhanced near-equatorial resolution.

The ensemble sizes are constrained by computational resources.  It is difficult to indicate an optimal hind-cast ensemble size that is the best compromise between computer demand and adequate sampling of forecast probability distribution and skill. (Indeed, the optimal size could well be model-dependent.)  Sub-sampling of hind-cast years in the DEMETER dataset (1959-2001) reveals a lack of stability in skill scores.  This indicates that the uncertainties associated with the length of the hind-cast period are significant in forecast skill estimates.

Further European centres may join the consortium in the future.

2.1 Operational implementation and archive

The EURO-SIP system is fully operational. Data and products from the multi-model system are produced by 12Z on the 15th of each month.

Forecast and hind-cast data from the three coupled systems, are archived in the ECMWF Meteorological Archival and Retrieval System (MARS), and thus are available by this route to European member states and other centres with access to MARS. At some stage probabilities might also be archived. 

The EURO-SIP data are archived in MARS in a similar fashion to that used for the  operational ECMWF seasonal forecast data: for details see http://www.ecmwf.int/products/forecasts/seasonal/documentation/ch3_2.html.  Data from the Met Office and Météo-France systems can be retrieved by using an additional descriptor "origin".  Met Office data has origin=egrr, and Meteo-France data has origin=lfpw. 

As each individual EURO-SIP component system is upgraded in the future, new sets of hind-casts will be produced.  Such model changes will not be synchronised.  A descriptor “system” is used to distinguish the model upgrades of each EURO-SIP system. (Currently the Met Office uses system=3 and ECMWF and Météo-France use system=2.)

Note that the data are not generally accessible to all NMHSs by this route.  The topic of wider distribution of digital data is under review by the consortium.

2.2 Multi-model products distribution and verification

To meet differing requirements, the consortium members run various post-processing packages.  The basic multi-model products use a simple average of the 3 probability distributions associated with each individual ensemble system. In some cases hind-cast data are used to adjust the probabilities: currently the Met Office applies discriminant analysis for this purpose.  At a later stage Bayesian techniques, such as those developed at ECMWF, will be extended to the multi-model. 

Multi-model products are now available on the Met Office web site (see http://www.metoffice.gov.uk/ , currently using Met Office and ECMWF data), and will also be available on the ECMWF web site ( http://www.ecmwf.int ).  The sets of products are similar to those produced for the individual systems  – see the web sites for details.  For example, temperature and precipitation probabilities for various sets of 3-month-average categories out to six months ahead are provided. (The Météo-France website is under development: products are presently made available to NMHSs via an ftp site: ftp://ftp.meteo.fr .)

Estimates of the multi-model skill levels and of the skill of each individual component are made using the methods agreed by the LRFSVS ET.  Documentation of the multi-model products and of each individual component will be made available.

2.3 Exchange of ensemble products

As described above, the provision of multi-model products via websites is at an advanced stage of development.  The consortium will aim to meet the recommendations for global producers, the details of which are on the agenda for this meeting of the ET LRF.

The provision of multi-model products by other routes, e.g. the ECMWF catalogue, is under discussion, recognizing that there is commercial interest in such data. 

3. The European ENSEMBLES project

The EURO-SIP members are also participating in a European Union Framework 6 project called ENSEMBLES (http://www.ensembles.org ).  This project contains a substantial effort on seasonal to decadal forecasting that is relevant to multi-model development.  As was the case in DEMETER, this project also contains strong links to applications in e.g. the agriculture and health sectors.

The first stage has recently been completed, with testing of new systems and methods used to create ensembles.  Several sets of hindcasts, to 6-month, 12-month and decadal range, have been produced by the leading European climate modelling centres.  

Following the successful developments during the DEMETER project, the multi-model ENSEMBLES hindcasts are archived in MARS using a common format, which will allow comprehensive verification of the forecast quality at the different time scales.  The results will be displayed on the ECMWF external website. 

