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Use and presentation of CBS scores at the Canadian Meteorological Center
(Submitted by Tom Robinson)

Summary and purpose of document

This document provides a report on the use of CBS scores at the CMC.
1. Processing of CBS verification data
CBS type scores are computed twice-daily in one of the operational runs for the CMC operational and parallel run Global and Regional models.  The inputs are O-F data (observations-forecast with forecast values interpolated to the observation points).  Scores are output in ascii and, for historical reasons, BURP (an internal CMC format) files.  The ascii data is sent to a MySQL database for warehousing. 
Scores against analysis are similarly calculated with model and analysis fields interpolated to the CBS verification grid using a box-average type interpolation.  

On the first of each month, averages are calculated and the CBS report is created.  The reports are analyzed for errors and consistency and, along with the foreign Centre reports, are processed with a script which converts the tables to csv files.  These files are then used to populate the MySQL DB.  
An interactive web-page is used to query the DB and graph the data.  Canadian data is an expanded version of the CBS data set, which includes all model levels, intermediate (12-hourly) forecast times and an additional North America region which includes all the arctic and Mexican radiosondes.   The web-page is available to anyone within Environment Canada. 
2. Uses of the CBS data 

The following is based on the four categories of users defined at the first CG-FV meeting.

a. Modelers and decision-makers:

CPOP (Comité des passes opérationnelles et parallèles) is the main scientific NWP decision-making body at CMC (changes to models and implementation of new models).  A presentation on verification is a standing item at CPOP meetings.  The presentation includes model performance over short and long term, comparison with other Centres, performance in high impact situations, case studies, highlight of problem areas, etc.  Evaluation of parallel runs is also presented.  

The interactive web-page is also used by the broader scientific community within CMC.  

b. Meteorologically educated users (e.g. forecasters):

The web-page is available to anyone internal to the Met Service, but in practical terms, likely the only users of the web-page are internal to CMC (including Operations, Development and Research).  A monthly verification summary report is distributed within CMC and to a wider audience within the MSC.  This summary is similar in content to the CPOP presentations, dealing with model performance, comparison with other Centres, case studies, issues, developments, etc.  
c. Non-meteorological educated users:

Non-meteorologically educated users would likely not find much that is understandable for them in the CBS statistics.  However, CMC has always maintained an external web-site with various graphs that included some of the CBS statistics.  The site was not placed in an obvious location, however, and the clientele were probably mainly educated users.  

The site was quite old and out of date, so following a change in the MSC external web-pages in 2010, it was decided to eliminate the site in favour of a new verification link on the MSC’s public web-site, Weatheroffice.  The site is accessible under the “Analyses and Modeling” link and as such is likely to be used, again, mainly by educated users.  Nonetheless, the link is more accessible than the previous link and so any member of the public could stumble across it.  
The site is fairly rudimentary in terms of the data available, but the idea was simply to have an initial, simple offering which would be built upon over time.  

d. Administrators:

Administrators at the CMC and the MSC in general are scientifically knowledgeable enough to be presented with CBS data.  However, there are certain types of data which are particularly suited to their needs and the needs of the organization.  
The MSC received an ISO 9000 designation a couple of years ago.  In this regard, CBS statistics are used as input for ISO Quality Objectives with respect to the quality of NWP outputs.  Current QOs are based on the root mean square error of the 24- and 120-hour geopotential height forecasts verified against the North American radiosonde network and averaged on a quarterly or yearly basis.  

In addition to the monthly verification summary, a quarterly report is compiled for dissemination to both scientific and management circles.  This document represents a broader performance measurement report, which includes NWP performance (CBS comparison based on quarterly values), comparison of Canadian and US regional model QPF, comparison of Canadian automated and official temperature forecasts (a measure of the statistical post-processing of the NWP outputs) and CMC product timeliness.  

Higher up into the management chain, CBS scores are used as input to the Departmental planning and performance reporting cycle.  In particular, under Environment Canada’s Performance Measurement Framework (PMF), CMC ranking against the other CBS Centres for 24- and 120-hour geopotential height forecast RMS error against the North American radiosonde network is included as a benchmark metric for the quality of the NWP outputs. 
The “Quality” graph:  this graph is not based on the CBS statistics, but a discussion of this product is included here because it is a model verification product highly valued by CMC and MSC managers.  It represents the longest standing verification system in existence at CMC, dating to 1958.  It thus charts the progress in weather prediction from the age of subjective prognosis charts through to NWP.   
The graph is a positively oriented S1 skill score, based on quarterly values and smoothed with a 1-2-2-2-1 filter to remove annual fluctuations.  The graph has been shown to be effective as a global way of presenting the program in an integrated fashion to lay-persons, including senior managers.  In one picture, it shows that the program is a long-term one (issues are not 2- to 4-year items,  for example), that progress is consistent on a decadal scale, that the quality of our work steadily increases, and that technologies (super-computers, data, data ingestion & models, ie, science) produce step gains in quality.  It is also effective in portraying the maxim that we gain a day of predictability each decade (e.g. today’s 5-day forecasts are as good as the 3-day forecasts from 1990.  
3. Issues
In addition to the issues raised at the previous meeting (consistency in application of the standards, including observation sets, interpolation methodology, climatology and the resolution of the verifying analysis grid), the data set is somewhat limited for the needs of the modeling community.  This is compensated for by the additions that we make internally and will further improve with the addition of surface verification.  

Various events, including an undetected error introduced in the CMC station dictionary and the implementation of the interactive web-page, led us to develop a more rigourous system of validating the verification data.  

In March 2009, the positions of two Korean radiosonde stations were mixed up in the CMC station dictionary, a situation which was not noticed until several months later.  Deterioration in scores over Asia was noted, but was not of sufficient amplitude to ring alarm bells.   Once corrected, scores were re-calculated for the period in question and corrected reports were sent to our CBS colleagues.  

Meanwhile, the simple change of accessing the verification data from a new application led to questions as to the validity of the data.  In order to deal with these issues, an analytic approach to validating the production of the CBS verification statistics was developed.  

The method involves choosing an arithmetic series which can be defined as a compact formula.  For example:
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If we let the O-F values for the stations = cos (iα) then, for example, bias and RMSE can be defined as 
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Thus we can calculate the scores in the usual manner with our verification programs and compare the results with the values from the above formulae.  If they match to an acceptable level, then we can say that the verification programs are calculating the scores correctly.  

It is suggested that this methodology might be considered by each of the CBS Centres as a way of validating their data.   
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