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VERIFICATION SYSTEMS FOR LRF
Need for improvement of the Standard Verification System for LRF especially in developing areas such as multi-model ensembles
 (Submitted by Secretariat)

SUMMARY AND PURPOSE OF THE DOCUMENT
This document lists some pending issues expressed by the Joint Expert Teams on Long-Range Forecasting (infrastructure and Verification), ECMWF, April 2006 and some statements of the Report of Workshop of Global Producers of Long Range Forecasts (GPCs) - Busan, Republic of Korea, 18 - 20 September 2007, all related to verification of long-range forecasts.
ACTION PROPOSED

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

References:

· Final Report of the Joint Expert Teams on Long-Range Forecasting (infrastructure and Verification), CBS OPAG on Data Processing and Forecasting Systems (April 2006)

· Report of Workshop of Global Producers of Long Range Forecasts (GPCs) - Busan, Republic of Korea, 18 - 20 September 2007

SOME STATEMENTS ON VERIFICATION MATTERS

1.
Some statements of the Joint ET/LRF (Infrastructure and Verification) which were requiring further studies, experiments or tests.

1.1
“Need for more guidance on the prescription of the cross-validation procedure and its appropriateness for individual dynamical models”

The ET agreed that the cross-validation should be mandatory for both calibrated and re-calibrated forecasts.  It is clearly unavoidable for training of empirical models and statistical post-processing as well as multi-model combination schemes if the data set used is not large enough to be divided in 2 parts (training and then validation).  There is a need to define a rigorous cross-validation procedure that can be used as part of the standard SVS guidelines (done?). 

1.2
“Specification of ENSO years”

The ET recommends that the SVS verification need not be stratified according the ENSO years until we have a clear official definition of the phenomenum (situation now? See Doc.7.3(1)). 

1.3
The Team needs to review options for new scores to be introduced to the SVSLRF that can be applied to probabilistic forecasts when forecasts are expressed on a continuous scale.  These procedures would be relevant to forecasts that are expressed either as a parameterized distribution or by fitting a kernel (a smoothing function that acts as a distribution) to an ensemble.  There are three properties of probabilistic skill scores for such forecasts that should be considered:

1. Propriety: the score should not encourage the forecaster to hedge (i.e. adjust the forecast to improve the score), but rather to issue forecasts consistent with his/her belief;

2. Effectiveness: the expected score must be a strictly decreasing function of the quality of the forecast;

3. Locality: the score should depend only on the probability assigned to the verification.

The desirability of the third property requires further consideration by the Team since it has implications for recommending the exclusion of scores such as the ranked probability score (RPS) that do not have this property.  The Team should consider the suitability of scores such as the log probability score (including the ignorance score) as candidates for inclusion in the SVSLRF (to be done?).
1.4
“Development of scores to measure skill in the ensemble spread”

The ET recognized that identifying whether there is a correlation between the accuracy of a forecast and the ensemble spread is not an optimal way of identifying whether there is any information in the ensemble distribution.  A more successful approach would involve comparing the quality of the forecasts given the observed ensemble spread / distribution with the quality achieved by keeping the ensemble spread / distribution constant.  The ET needs to provide detailed guidelines for conducting such tests (anything done?).
1.5
 “Assessment of multi-model ensembles”

No new scores are required specifically for assessing the quality of multi-model ensemble forecasts (except for the need for probabilistic scores on continuous scales), but the ET needs to consider making recommendations for minimizing problems associated with the dangers of over-estimating forecast performance given a large number of models (“multiplicity”).  Specifically the ET should establish some guidelines for conducting rigorous out-of-sample validation (what now?).

1.6
 “Standardising methods for defining terciles, etc. “

Two approaches for defining quantiles are in common usage: parametric methods based on assumption of a distribution (eg. tercile boundaries can be estimated at +/- 0.43s.d for data with a Gaussian distribution), and ranking or counting methods (eg. the lower tercile separates the data ranked in the lowest third of the sample).  Parametric methods require choice of the most appropriate distribution and parameter estimation procedures, and incorrect choices can lead to pathological results (e.g. lower quantiles for precipitation may have negative values).  The ET therefore recommended that counting methods should be used in preference to parametric methods.  There are various ways of applying the counting method, the differences lying in the details of interpolation from the two data points surrounding the quantile (the simplest method being an unweighted average of the two surrounding values).  The ET recommends that the relative benefits of the different interpolation methods be explored before defining a recommended method for the SVS (conclusion?). 

1.7
“Verification of extremes (such as the outlying quintiles)”

The ET recognized the inherent difficulty of verifying forecasts of extreme events because of the small sample sizes involved.  The only option is to perform verification and to indicate the uncertainty in the calculation of these scores.  The uncertainty in these scores will be unavoidably large.  While the existing SVSLRF contains adequate procedures for verification of probabilistic forecasts of extreme events, the ET recognizes the importance of estimating confidence limits for these verification scores.  Appropriate procedures for calculating these confidence limits need to be added to the SVSLRF manual.

The ET needs to identify appropriate procedures for verification of deterministic forecasts expressed as estimates of the frequency of extreme weather events during the season.  The team should consider the following options:

a. Data transformation: can the counts be transformed to have normal distribution, and if so would the current scores for deterministic forecasts in the SVSLRF be appropriate?

b. Categorization: should the counts could be categorized, and the current scores for categorical forecasts in the SVSLRF be used? If so the ET needs to consider guidelines for the categorization.

c. New scores: would a new set of scores be more appropriate, such as percentage error instead of mean bias, and non-parametric measures of association instead of Pearson’s correlation?

(any findings?)
2.
Some conclusions of the Workshop of Global Producers of Long Range Forecasts (GPCs) - Busan, Republic of Korea, 18 - 20 September 2007 
Workshop participants considered issues of verification related to GPCs activities, as well as implications for the work of the LC-LRFMME. 

2.1
Recommendations on verification:

-There was consensus within the participants that no change was required at the moment to the SVSLRF. 

-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 fulfill 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).

2.2
A review of the actual participation to the SVSLRF exchange was presented during the workshop:
· The following GPCs had submitted all the required scores of the levels 1 and 2 of the exchange: 

· BCC, JMA, Météo-France, NCEP and MSC

· UKMO  had submitted almost everything (except maps of MSSS and its decomposition terms)

· BOM had submitted everything but ROC area maps and the diagrams (ROC or reliability diagram) because the ensemble run in hindcast mode has not enough members to do so.
· KMA had submitted just the maps associated with the MSSS and its decomposition maps.

· ECMWF had submitted to the SVSLRF web site just the aggregated scores (level 1).  The rest of the scores is on their web site.

· IRI (not yet a GPC) had submitted every thing but the level 2 maps (ROC area, MSSS, etc.).

The GPCs that had not submitted all the required levels 1 and 2 data were kindly invited to do so as soon as possible.  The Lead Centre of SVSLRF will appreciate to receive new relevant data from the official GPCs. (status today?)
