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Summary and purpose of document

This document presents the conclusions of the joint meeting of the Expert Teams on Long-Range Forecasting (Infrastructure and Verification) related to the Standardized Verification System for Long-range Forecasts.
Action Proposed  

The meeting is invited to consider the information in this document.

References: - Report of the Joint Expert Teams on Long-Range Forecasting (Infrastructure and Verification), ECMWF,  Reading, UK, 3 - 7 April 2006


- Report of the Workshop of Global Producers of Long-Range Forecasts, Jeju Island, republic of Korea, 10-14 October 2005 

VERIFICATION TECHNIQUES FOR LONG-RANGE FORECASTS

1.1
This chapter deals with all the issues concerning verification of LRF brought to our attention by the previous meeting of the ICT. Each item is coming from the last ICT report (November 2004). The discussion between the ET members on these issues during last joint meeting in Reading (April 3-7 2006) are summarised below. 

1.1.1
 “Clarification on whether or not verification should be carried out on post-processed output”

In the appendix II-8 it is not stated explicitly.  Most centres are currently posting forecasts derived from a simple calibration and so, for the sake of comparison on the Lead Centre web site, it was decided that scores for forecasts that were calibrated are to be submitted (see updated Attachment II-8 in the Annex to document 6(2)).  At the moment the Team prefers to exclude verification of forecasts that were post-processed using for example Model Output Statistics or Perfect Prog approaches but GPCs are encouraged to display verification on their post-processed forecasts on their own web sites. 

1.1.2
“Development of more information on error bars and significance levels to be made available in the documentation, and consideration of the best means of displaying such information”

Significance levels can be derived from either standard significance statistical test or bootstrapping techniques.  The ET agreed on the general principle that if standard significance tests for a given score are available and valid, given the assumptions about the data, it will be preferable to use them.  The ET needed further discussion before recommending specific methods to assess significance levels.  Therefore the requirement for the submission of significance levels to the Lead Centre web site should be postponed.  The GPCs are still encouraged to perform significance level testing and display their results.  The ET has updated the appendix II.8 to reflect this decision (See Annex to this paragraph).  The Lead Centre will carry development on this subject with help from ET members and report at the next meeting.  

1.1.3
“Calculation of the area under ROC curves (use of fitted curves or not)”

In the appendix II-8, it is stated explicitly at the section 3.3.3 that: “For the core SVSLRF the area under the ROC curve should be calculated using the Trapezium rule”.  There was no ambiguity there.

1.1.4
“Responsibility for display of real time monitoring information” 

In the appendix II-8 it is stated that it is the responsibility of each GPC to display real-time performance monitoring.  The Team was of the opinion that the SVSLRF is really for hindcast verification.  The Team felt that there is need to improve the provision of near real time global observed data set for verification purpose. 

1.1.5
“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. 

1.1.6
“Specification of ENSO years”

In 2005 an expert team was formed by the Commission for climatology (CCl) to prepare a catalog of El Nino and La Nina indices and definitions used around the world.  This team was led by Fiona Horsfall.  The team have submitted a report at the Beijing meeting in November 2005.  This report essentially recommends that another expert team should be formed to do more work on this.  This recommendation was accepted and the new team is named “expert team on El Nino and La Nina” (OPAG 3).  The team is led by Luc Maitrepierre and is composed of 7 international scientists.  Our hope is that they will provide us with a list of El Nino and La Nina years to allow for a stratification of the data according to these criteria.  The ET on SVSLRF should follow closely the work of this new ET.  The ET recommends that the SVS verification need not be stratified according the ENSO years until we have a clear official definition of the phenomenon. 

1.2
According to the ICT the future work of the team should involved the topics cited in the excerpts below:

“...6.25
The Meeting recommended that the expert team on SVSLRF continue its work for the next period.  Areas that may need future consideration to augment the SVSLRF are:

· Development of scores to measure skill in the ensemble spread 

· Assessment of multi-model ensembles

· Standardising methods for defining terciles, etc.

· Verification of extremes (such as the outlying quintiles)

· Standardising of hindcast period

· Standardising verification data sets

· Ongoing coordination and support of Lead Centre role

· Clarification of issues arising from the broader use of SVSLRF...”


Here is a summary of the specific discussions that the ET members had on these issues during the last joint meeting of expert teams in Reading (April 3-7 2006): 

1.2.1
 “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.

1.2.2 “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.

1.2.3
 “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. 

1.2.4
“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?

1.2.5
“Standardising of hindcast period”

After discussion, it was decided that the recommended period of hindcast should be 1981-2002 for submission to the Lead Centre web site.  The beginning of the period was chosen to be 1981 because it is the first year where good ocean observation data were made available.  The end of the period was chosen because it is the ending year of the ERA-40 data set.  The specification of this period will be reconsidered by the Expert Team as available observations data sets evolved.  However, in-homogeneity and incompleteness of reference observation data impose constrain on increasing the hindcast periods.  In future, changes in the details of SVS recommendations, such as hindcast period, will be communicated through the Lead Centre web site to avoid frequent updating of Appendix II-8.  

1.2.6
“Standardising verification data sets”

The precipitation field is the only parameter for which more than one data set are currently listed in the appendix II-8.  Effectively in the document and on the web site both the GPCP and the Xie-Arkin (CMAP) data sets were recommended.  A paper by Yin et al. (2004) suggests that the GPCP has fewer flaws than the Xie-Arkin one.  In addition the ET have been informed that the Xie-Arkin may be discontinued in the near future.  The ET recommends the GPCP data as the official data set for precipitation verification.

1.2.7
“Ongoing coordination and support of Lead Centre Role”

Dr David Jones on behalf of Dr Andrew Watkins gave an update on the Lead Centre activities at the Reading meeting (April 3-7 2006).  WMC Melbourne/Australian Bureau of Meteorology and RSMC Montreal/Meteorological Service of Canada co-hosts of the Lead Center for LRF Verification achieved a successful launch of the Lead Center website in early 2006.  The WMO has invited Global Producing Centres for LRFs to submit their verification results for inclusion on this website in a letter sent to PR on February 6.  A detailed description of the status of the Lead Center is to be found at ET CBS-OPAG/DPFS/ET/LRF/Doc. 7(1), with the website available at http://www.bom.gov.au/wmo/lrfvs/.

The Lead Centre has so far processed some verification information from 4 long range forecast models, originating from 3 separate institutions (JMA (2), MSC and UKMO).  These results are currently displayed on the website.  They have also demonstrated to the Lead Centre the practicalities (or otherwise) of some of the procedures in processing and displaying the verification information.  Such interactions have resulted in a streamlining of procedures at the Lead Centre.  Many centres have expressed their intention to submit verification to the SVSLRF web site in the coming months.

The Team assigned one additional responsibility to the Lead Centre concerning the development of software for graphical display of confidence level information.  Once this development work is completed the guidelines included in the appendix II.8 will be updated.

