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SUMMARY AND PURPOSE OF THE DOCUMENT

This document contains the needs for improvement of SVS-LRF by multi-model ensembles and related issues to discuss during the meeting
ACTION PROPOSED

The meeting is invited to study this document and undertake discussions or tasks, which may lead to appropriate recommendations, if necessary. 

References:

· Report of Workshop of Global Producers of Long Range Forecasts (GPCs) - Busan, Republic of Korea, 18 - 20 September 2007
· Final Report of the Joint Expert Teams on Long-Range Forecasting for Iinfrastructure and Verification), CBS OPAG on Data Processing and Forecasting Systems (ECMWF, April 2006)

· Abridged final report of CBS Ext. 06, Seoul, December 2006.

1. Verification of MME forecast 
The ensemble approach, single or multi-model, is a relatively recent contribution to the general area of weather and climate forecasting.  An approach to produce extended or long-range forecast using multi-models is the weighted Multi-Model Ensemble (MME).  In the sense of its construction, the MME is a post-processing product of multi-model forecasts.  This MME can be used as a tool for making both deterministic and probabilistic predictions.  The forecast resulting from the projection of these solutions into a forecast phase has smaller errors and higher skill than most conventional models and conventional ensemble techniques.  The ensemble mean assigns a weight of 1/N to each of the N member models everywhere (and for all variables), regardless of their relative performance.  As a result, assigning the same weight of 1/N to some poorer models has been noted to degrade the skill of the ensemble mean.  It is possible to remove the bias of models individually and to compute an ensemble mean of the bias-removed models.  This too has somewhat lower skill compared to the MME, which carries selective weights distribution in space, multi-models, and variables.
The three most important reasons to verify forecasts are to monitor forecast quality, to improve forecast quality, and to compare the quality of different forecast.  Forecast quality is not the same as forecast value.  A forecast has high quality if it predicts the observed conditions well according to some objective or subjective criteria.  It has value if it helps the user to make a better decision.  To get reliable verification statistics, a large number of forecast/observations pairs may be pooled over time and/or space.  The larger the number of samples, the more reliable the verification results. (WWRP/WGNE Joint Working Group on Verification).  For verification of MME forecasting, deterministic and probabilistic forecasts, following terms are considered. 
2. Multi-Model approaches for forecasting of anomalies
The Lead Centre for LRFMME is needed to blend GPCs forecasts based on standard MME techniques as an additional guidance to GPCs, NMCs, and RCCs, among other existing multi-model products.  In the context of Multi-Model Ensemble approach, there are three different anomaly forecasts such as the bias corrected ensemble mean, eq. (1), the biased ensemble mean, eq. (2), and weighted Multi-Model Ensemble anomaly forecast, eq. (3). The MME contains no bias since the model climatology has been considered.
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Where 
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 is the ith model forecast out of N models, 
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 is the mean of the ith forecast over the training period, 
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  is the observed mean over the training period, and  
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 is the regression coefficient of the ith model.  The difference between these approaches comes from mean status and the weights.  A major aspect of the MME forecast is the training of the forecast data set.  The MME prediction skill during the forecast phase could be improved when higher quality data set is available for training. 
3. MME Climatology

The verification requirements for multi-model products will be the same as for individual GPC products.  The following verification scores are recommended by WMO LC-SVSLRF: 

· Mean Square Skill Score (MSSS) 

· Relative Operating Characteristics (ROC). 

MSSS is applicable to deterministic forecasts only, while ROC is applicable to both deterministic and probabilistic forecasts.  MSSS is applicable to non-categorical forecasts (forecasts of continuous variables), while ROC is applicable to categorical forecasts either deterministic or probabilistic in nature.  To get MME verification scores, it is needed to define MME climatology. MME climatology is differs from single model climatology since MME consists of different models. MME climatology is obtained from following equation (4).    
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Once average for the period of verification (
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) is obtained, verification of MME may be done in an identical way as for the individual models.

From the last workshop on Lead Centre for LRFMME in Busan in September 2007, following terms are recommended as for verification.  By the below items, LC-LRFMME and LC-SVSLRF could provide verification scores for use by NMHSs and RCCs.

· The SVSLRF should be applied ‘as is’ to the outputs of MME in an identical way as for the individual models.  However, the participants recommended examining the relevance of level 3 of the exchange (as defined in Attachment II-8 to the Manual on the GDPFS).

· On the SVSLRF web site the results coming from MME should be displayed together with the GPCs individual models and clearly be identified.  The new LC-LRFMME will be responsible for submitting the different levels of the SVS exchange once relevant MME techniques are approved by the ET on ELRF. 

· The verification requirements for multi-model products will be the same as for individual GPC products.  Thus all multi-model products displayed on the LC-LRFMME website should be accompanied by corresponding verification on the LC-SVSLRF website.

· The two Lead Centres (LC-LRFMME and LC-SVSLRF) should coordinate to make sure that forecast (hindcast) data received by the LC-LRFMME from a GPC is made by the same forecast system for which scores were submitted to LC-SVSLRF web site.  The participants recognized that in practical terms this condition may not be easy to fulfil during implementation of a new forecast system by GPCs. 

· There should be direct links between the LC-SVSLRF and LC-LRFMME web sites, connecting forecast maps and verification graphics for each GPC.  The forecasts from each GPC may be readily viewed together with skill assessments, and vice versa. 
· With regard to the above, the formats for the SVSLRF score exchange should be adjusted according to decisions reached for the LRFMME forecast data exchange (i.e. the regions and parameters displayed should be the same).

4. General Discussion
There are a few issues that could be discussed in the meeting and they are listed below (and are not in any order of priority).
1. A discussion on defining the climatology for MME
2. Need to solve “Lack of Data” problem

3. Hindcast period should be extended by every year?

� EMBED Equation.3  ���
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