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Outstanding issues for the expert team on long-range forecasting verification

(Submitted by Normand Gagnon, representative of the Canadian Meteorological Centre and chairman of  

the CBS expert team to develop a verification system for long-range forecasts)

Summary and purpose of document

This document contains an overview of the current issues that need to be addressed by the expert team on long-range forecasting verification. 

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the production of long range forecast and verification scores. 

Introduction

Since the last meeting of the CBS expert team on long-range forecast verification the ICT has studied the work of the team. First they congratulate the team members for their effort in developing a verification system. The Lead centre (Australian Bureau of Meteorology and Canadian Meteorological Centre) was particularly cheered for the creation of the web site will display the scores exchanged.  The ICT has identified a number of issue that need to be addressed by the team. 

In October 2006 there a workshop of the global producing centres (GPC) of long-range forecast was wonderfully hosted by the Korean Meteorological Administration in JeJu Island. During the break out session a sub-group has discussed the challenges for the long-range verification and a series of recommendation were put together. 

In this document we present and discuss the issues identified by the ICT and by the subgroup on verification at the Jeju workshop. 

Current issues to be addressed according to the ICT

Here is an excerpt from the report of the ICT meeting in Geneva 2004:

“...6.15
The meeting discussed the recommendations from the Joint Team meeting based on the report of the meeting of the Lead Centres on Long-Range Forecast Verification held at the Canadian Meteorological Centre (CMC) in Montreal, Canada, 1-5 December 2003.  Some changes are proposed to Appendix II.8 to the Manual on GDPFS based on these recommendations and some issues were identified as requiring further work by the Team.  These issues relate to:

· Clarification on whether or not verification should be carried out on post-processed output

· 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 

· Calculation of the area under ROC curves (use of fitted curves or not)

· Responsibility for display of real time monitoring information 

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

· Specification of ENSO years ...“

Comments on these issues:

I.1) “Clarification on whether or not verification should be carried out on post-processed output”

The ET members have to discussed and clarified that. In the appendix II-8 it not stated explicitly. Since the primary targeted users of the SVSLRF are the weather forecasters it seems logical that post-processed outputs are not to be excluded from the exchange. Global fields have of course more interest for the global communauty than downscaled fields over a specific country.

I.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”

According to the appendix II-8 the implementation of the measure of the “Level of significance” should be done “by the end of the year following implementation of levels 1 and 2”. So, since the exchange has begun in January 2006, the level of significance should be added in 2007. There is brief survey of available techniques in the appendix II-8. This may be the time to revisit the information to augment it and organized it more formally. There will be work to be done as well on the way the information should be displayed. The Lead Centre should probably be involved in this development work. 

I.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 is no ambiguity there.

I.4) “Responsibility for display of real time monitoring information” 

In the appendix II-8 it is stated that it is the responsability of each GPCs to display real-time performance monitoring. We do think that the SVSLRF is really for hindcast verification.

 I.5) “Need for more guidance on the prescription of the cross-validation procedure and its appropriateness for individual dynamical models”

The cross-validation may not be appropriate to calculate for instance the climate of a dynamical model that will be used to compute anomalies. However it is clearly unavoidable for training of empirical model and statistical post-processing if the data set used is not large enough to be divided in 2 part (training and then validation). Recent study by Amir Shabbar of the meteorological service of Canada indicate that the cross-validation framework overestimate the level of skill of involving a training. Using output from a 1000 year run of the CGCM2 of the Canadian Climate Centre for modelling and analysis he found a big difference between the skill of statistical models developed in cross-validation and in an out of sample ones (model developped on one 50 year period and verify on another 50 year period). That study may have implications for our recommendation of the use of the cross-validation framework.

I.6) “Specification of ENSO years”

In 2005 an expert team was formed by the Commission of 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 recommend 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 this criteria. The ET on SVSLRF should follow closely the work of this new ET. By the time they make a official recommendation an alternative list could be used (ex. Climate Prediction Centre list). 

Future work for the team as suggested by the ICT

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...”

During the breakout discussion of the Jeju GPCs workshop most of the topics were discussed by one sub-group. The recommendations put together at the end of the workshop are reproduced at the annex 1 of the current document for reference.

The exchange is still in its early stage. Therefore it may be not the time to make a lot of change to the system before getting feedback from a more wide spread use. However some topics clearly need to be addressed. The implementation of the additional requirement could be staged to give time to GPCs to adjust their verification systems.

Here are some comments on each subject to steer the discussion:

F.1) “Development of scores to measure skill in the ensemble spread”

The team should discuss the possibility of adding measure related to spread of forecast done with the ensemble approach. 

Several conceptual measures can be taken from the medium-range ensemble prediction studies. For example it is common to compare the spread in the ensemble and the error of the ensemble mean. Both quantities should be of the same order in a well designed ensemble system. The document 8(2) to be submitted by Simon Mason should provide some further suggestions.

F.2) “Assessment of multi-model ensembles”

As stated by the sub-group discussion report at the Jeju workshop the team should examined if the current group of scores apply to forecast coming from multi-model ensemble. First guess is that the SVSLRF mostly apply to that type of forecast but several issues need to be clarified like 1) the way the the weighting of the different models that are part of the ensemble is considered or 2) ensuring that multi-model skill estimates were obtained using rigorous procedure (e.g. cross-validation). It should be noted that the Canadian Meteorological Centre has already submitted multi-model results to the Lead Centre web site for his participation to the SVSLRF.   

F.3) “Standardising methods for defining terciles, etc. “

There is a need to set a procedure to define the way the tercile are calculated. The approach of using a multiple (0.43) of the interannual standard deviation imply the assumption that the parameter studied has a Gaussian distribution. This is certainly not fully the case for precipitation even for a seasonal mean. The central limit theorem tells us that if sufficient averaging is done on a fields the distribution should become a normal. It is not the case for seasonal precipitation amount as shown at the figure 1. For a point in central pacific, it is illustrated that clearly the behavior of the GPCP precipitation seasonal means follow a skewed distribution. The time series evolves between many years in a relatively dry regime and few years in a wetter regime. It is very difficult to divide this time series in 3 categories since there are clearly 2 regimes. It is obvious that an approach using 0.43 standard deviation would not be good choice for this particular situation. A division using observed count would be more relevant and accurate but still 3 categories for a 2 regime time series is not adequate. Maybe the precipitation fields should be classified in only 2 categories. 

For normally distributed parameters both the standard deviation approach or the observed count are acceptable. However having the same approach for each parameter could preferable because of its simplicity. Therefore the empirical determination of the terciles seems the most flexible solution.  

Figure 1: 

F.4) “Verification of extremes (such as the outlying quintiles)”

The document 8(2) submitted by Simon Mason will give more information on this topic.

F.5) “Standardising of hindcast period”

We think that the longest period required should be 1981 to present since this is the current limit to run a 1-tier system with reasonable quality data to initialize the hindcasts. Before 1981, the lack of relevant oceanic data threaten the homogeneity of the hindcast. In the future, the period of the recommended length of the hindcast will be advertised on the Lead Centre web site and not in the GDPFS manual to allow more flexibility for updates.

F.6) “Standardising verification data sets”

The precipitation fields 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) suggest that the GPCP has less flaws than the Xie-Arkin one. The two data sets are relatively comparable over land but quite different over ocean where satellite retrievals are largely used. Xie-Arkin report generally a higher monthly precipitation amount over ocean.  Two majors defiencies were discovered in the Xie-Arkin: wrong algorithm for satellite retrieval and questionable use of atoll data. According to the paper, more recent version of the Xie-Arkin data set may have been corrected. For the time being, it might be a good solution to temporarily discard this data set and only recommend the GPCP one. However it has to be noted that GPCP data use trial field from the ECMWF model to fill hole in the data coverage which might lead to a slightly unfair comparison. Anyhow it is proposed to recommend GPCP has the official data set for precipitation verification. 

F.7) “Ongoing coordination and support of Lead Centre role”

This is a general statement but certainly that the team should revised the role and add new tasks if needed. For example little study on how to display incertitude information on maps or diagrams (error bars, result of statistical test, bootstrapping of moving block, etc.).

F.8) “Clarification of issues arising from the broader use of SVSLRF”

This is an ongoing role and not specific is proposed here as the exchange just begun relatively little feedback was received.

References

Yin, Xungang, Gruber, Arnold, Arkin, Phil. 2004. Comparison of the GPCP and CMAP Merged Gauge–Satellite Monthly Precipitation Products for the Period 1979–2001. Journal of Hydrometeorology, 5, 6, 1207-1222.
 
Annex 1: Recommendations from the sub-group discussion at the Jeju GPC workshop
· New scores for ensemble

· New scores for multi-model ensemble

· Standard way to define terciles

· Verification of extremes

· Skill for ensemble spread

· Standardised data sets (to be put on Web site)

· Standardised hindcast period

“...Group B - SVSLRF

1) Development of new scores for ensemble

We recommend the SVSLRF expert team consider

1.1) the need for scores for probability on continuous scale (PDF) like

-the Continous Rank Probability Score, CRPS (Hersbach, 2000)

- likelihood based scores such as Ignorance score (Roulston and Smith, 2002)

1.2) making suggestions on ensemble size and also to start considering error bar on the mean and the standard deviation. Consideration should be done on whether we should use curve fit to the pdf when the ensemble is too small (like Kharin and Zwiers, 2001) 

1.3) the need for score for ensemble clustering

1.4) the revised Brier skill score (Muller et al. 2005)

1.5) the need for scores for frequency (ex. tropical cyclone, etc.) and intensity (e.g. extreme) and dates (start of the monsoon).

1.6)  the problem of skewed and zero bound fields like precipitation or wind.

1.7) need for strategy to validate fields where spatial location is important (example tropical cyclone path or genesis) with object oriented verification or bivariate Kolmogorov-Smirnov.

2) Development of new scores for multi-model ensembles

We recommend the SVSLRF expert team consider

2.1) need to confirm that we can used the same suite of score for multi-model forecast

2.2) to make recommendation for ensuring that multi-model skill estimate were obtained using rigorous procedure (e.g. cross-validation) 

2.3) to comment on the principle of comparing model weights to evaluate performance (not good)

3) Standardising methods for defining terciles
The SVSLRF ET team should consider standard way of defining tercile: 

Observed count

0.43 * standard deviation, etc.

4) Verification of extremes 

We recommend that the SVSLRF expert team

4.1) should consider problem when sample size are small (e.g. short forecast period eg verification extreme) like if recommendation are needed to calculate error bar on these scores 

4.2) need to confirm that we can use the same suite of score and consider additional ones like the “extreme dependency score” (Coles et al. 1999). 

4.3) also consider if the same set of scores is suitable for fields like the Extreme Forecast Index (Lalaurette, 2003)

4.4) have to decide if the pdf fitting is to be used or not. Although we are not sure if it is in the mandate of the team.

5) Development of scores to measure skill in the ensemble spread
We recommend the SVSLRF expert team to think about scores to identify whether there is useful information in the ensemble distribution including scores for spread/skill relationship. 

6) Standardising verification data sets

We recommend the SVSLRF expert team to 

6.1) seek advice to the relevant team or committee to choose one data set (can be CBS WIS ICG). 

6.2) Score data should be labeled adequately.

6.3) The list of the data sets should be specified on the web site instead of in the document because of possible relatively frequent changes.

7) Standardising of hindcast period

We recommend the SVSLRF expert team to 

7.1) revisit to see if an official hindcast period can be chosen.

7.2) state explicitly on the web site the period not in the document in the future.

8) Other comments:

We recommend the SVSLRF expert team to 

· follow what is done in the medium range EPS and try to show consistency between the ETs.

· give more detailed guidelines to calculate significance level measurement.

· Seek advice to the relevant CBS expert team on formal definition on El Nino and La Nina as required by the SVSLRF. ...”
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