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Summary and purpose of the document

This document reports on the status of the implementation of a 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.

TOWARDS A MULTI-MODEL REAL-TIME ENSEMBLE SYSTEM FOR SEASONAL PREDICTIONS: A JOINT EFFORT OF ECMWF, MET OFFICE (UK) AND MÉTÉO-FRANCE

1. Introduction

It is well recognized that the international exchange of climate information is essential for minimizing natural disasters and their negative economic impacts.  In addition the exchange of climate prediction data is instrumental for the construction of a multi-model system.  Why do we need a multi-model system? 

Dynamical seasonal forecasts have been made operationally using ensemble systems with perturbed initial conditions (Stockdale et al. 1998, Mason et al. 1999).  However, if uncertainties in initial conditions were the only perturbations represented in a seasonal-forecast ensemble, then the resulting measures of predictability would not be reliable, due to the fact that the model equations are also uncertain.  One approach to the representation of model uncertainty in seasonal forecast ensembles relies on the fact that global climate models have been developed somewhat independently at different research institutes. An ensemble comprising such quasi-independent models could, therefore, be thought of as providing a sampling of possible model-equation sets.  This is referred to as a multi-model ensemble (Palmer et al. 2000). 

A multi-model ensemble-based system for seasonal-to-interannual prediction has been developed in the European project DEMETER (Development of a European Multi-model Ensemble system for seasonal to inTERannual prediction), a project funded under the European Union’s Fifth Framework Environment Programme.

The DEMETER system comprises seven state-of-the-art global atmosphere-ocean coupled models installed on a single supercomputer, and has been designed to study the multi-model concept by creating an extensive hind-cast database with common archiving and common diagnostic software.  The comprehensive evaluation of this hind-cast dataset demonstrates substantially enhanced reliability and skill for the multi-model ensemble over a more conventional single-model ensemble approach.

As a result of the success of DEMETER, a real-time multi-model ensemble forecasting is now under construction as part of the operational seasonal forecast suite at ECMWF.  At the moment ECMWF, Met Office and Météo-France coupled systems are part of this multi-model mix but it is possible that other DEMETER models may be included at a later stage. 

2. The real-time multi-model system and its implementation
As part of a developing European multi-model system, the Met Office coupled system (GloSea) is initialised using an ensemble of ocean analyses and it runs on the ECMWF computing facility in parallel configuration with the ECMWF system seasonal prediction model. 

Météo-France is running their system remotely using the ECMWF computer. Météo-France system is initialised using the Mercator ocean analyses. Météo-France hind-cast set is limited by the availability of Mercator ocean analysis that extend back to 1993.  Also, the ensemble generation strategy is different, and is based on a lagged average approach with cross-matching between ocean and atmosphere dates.  One consequence of this is that the (average) initial date is earlier than the nominal 1st of the month start date.  These differences may complicate the combination of the different model forecasts (in particular as regards detailed calibration), but in broad terms the impacts of the structural differences are expected to be well within the errors we are already dealing with. 

Ensemble size and ensemble generation for the 3 different systems will be: 

	
	Forecast ensemble size
	Hind-cast ensemble size

	ECMWF
	                         41 

5 ocean analysis +  SST pert.
	larger than 5 (possibly 11)

from 1987



	GloSea
	                         41

5 ocean analysis + SST pert.
	                15

from 1987

	Meteo France
	                         41

5 ocean analysis + 8 atmospheric init. cond.
	                   5

from 1993


It is difficult to indicate the optimal hind-cast ensemble size that could limit the computer demand and still provide enough information on the forecast probability distribution and its skill. Sub-sampling of DEMETER data shows a lack of stability in skill scores (only tropical precipitation seems to be robust).  This indicates that the uncertainties associated with the insufficient length of the hind-cast period are the ones that are more critical for the forecast skill estimate.
2.1 Operational implementation

ECMWF system is fully operational.  This includes data dissemination to Member States and commercial customers and push of SST forecast data to GTS.  Met Office forecast/hind-cast system is in the process of transition to ECMWF operations.  A schedule for transition of the Meteo-France system from research to operations is not clear. All partners have an upgrade scheduled for 2005 implying the construction of new sets of hind-cast.

2.2 Multi-model products distribution and verification

The initial multi-model product will be based on a simple average of the 3 probabilities associated with each individual system. At a later stage Bayesian techniques, based on work that has been done at ECMWF, will be extended to the multi-model. Raw (non calibrated) data will still be accessible.
Multi-model products will be available on the web. Estimates of the multi-model skill levels and of the skill of each individual component will be made available. Such estimates will be evaluated using methods that have been agreed by the LRFSVS.   Documentation of the multi-model products and of each individual component will be also available.
2.3 Exchange of ensemble products

ECMWF has implemented changes in its archiving system in order to handle the multi-model data.  A multi-model operational archive will contain all the members from each system.  At some stage probabilities might also be archived.

The inclusion of the multi-model on the catalogue will be considered at a later stage although it is recognized that there is commercial interest in multi-model data. Digital data from the real-time multi model will comply with the WMO recommendations from the Expert team on the Long Range Forecasting Infrastructure and Verification.
3. ENSEMBLES

ECMWF is also active in the project: ENSEMBLES funded under the European Union’s Framework VI Programme.  ENSEMBLES intends to maintain and extend European pre-eminence in the provision of policy-relevant information on climate variability and climate change and its interactions with society.  ECMWF will take part in the development of a multi-model ensemble prediction system based on the principal state-of-the-art global coupled models developed in Europe to produce, for the first time, an objective probabilistic estimate of uncertainty in future climate based on predictions made at seasonal to decadal timescales.  This task will require the installation of a set of global coupled models at ECMWF to run a comprehensive set of hindcasts started from initial conditions obtained from ERA-40 for the atmospheric fields and with the latest generation of ocean assimilation methods as developed in the ENACT project.  Research on the development and testing of methods to create the ensemble, as well as on techniques designed to account for uncertainty arising from the stochastic effects of sub grid scale processes, will be emphasized.  The hindcasts will consist of four seasonal ensemble integrations per year, along with a 12- month long set of integrations every year and a decadal ensemble every five years.  Following the success of the DEMETER project, the multi-model hindcasts will be archived in MARS using a common format, which will allow for the monitoring of the integrations and the quality control of the data as well as for a comprehensive verification of the forecast quality at the different time scales.  The results will be displayed on the ECMWF external website.  This task will contribute to an increased understanding of uncertainties in modelling climate processes and feedbacks, such as those acting in the tropical intra-seasonal oscillation or the extra-tropical seasonal variability.  In addition, the application of climate predictions by a growing and increasingly diverse user community will be enhanced following the experience already started in DEMETER.  In particular, quantitative estimates of the skill of end-user predictions will be carried out along with measures of the actual economic value of climate information. In order to develop the most appropriate design for the ENSEMBLE experiments and research, further exploration of the comprehensive DEMETER database will be carried out.
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