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Summary and purpose of document

The available ensemble prediction system products are reviewed and some recommendations are proposed.

_____________________________________________________

Action proposed

The expert team is invited to take into account the information given in this document. 

Introduction 

1.
At the core of both the benefits and costs of ensemble prediction systems is an increase of one to two orders of magnitude in the amount of data the forecasts are based on. Getting ensemble data to forecast providers, particularly those from less well-resourced countries poses a number of challenges. Discussion in this paper concentrates on EPS products targeted at the medium to early extended range, and on data appropriate for forecasters to use in an operational setting. 

Availability of Ensemble Data

2.
The previous meeting of the ET/EPS produced a list of products that were recommended for routine distribution. The list of products, together with a collection of links to web sites with images, can be found on a web site hosted by WMO
. 

3.
The number of products available through links on the website is evidence that a considerable, and growing, amount of information is freely available on the web.  For seasonal forecasts many of the sites offer global coverage, however for medium range forecasts most of the sites cater only for their domestic region of interest. NCEP and ECMWF however have made particular efforts to advertise the availability of global data from their medium range ensembles.  New Zealand gratefully acknowledges using data from both these centres for its domestic forecasting.  Encouraging producers of EPS products to release global data would extend the choices available to countries that are not located in the immediate geographical area of a modelling centre. 

4.
Of the types of product recommended for routine distribution by the previous meeting of the ET/EPS, the most commonly found on web sites are plots of ensemble mean and standard deviation; and probabilities of precipitation and wind speed. Vector winds, temperature anomalies, and storm tracks do not seem to feature as prominently.  The likely reasons for this are a combination of the effort required to make each product, and the demand for them. 

5.
Overall, while more sites are offering products, the variety of forecasts from ensemble systems does not seem to have increased greatly over the last few years. What is noticeable however, is an increased range of verification measures, including those associated with economic value. Together these factors point to a ‘coming of age;’ for ensemble forecasts, where the emphasis is shifting from how to make and access the data onto how to best use the forecasts. 

6.
Currently nearly all transfer of EPS data occurs across the Internet as opposed to the GTS.  While this works well for countries that have access to high speed connections, the volumes of data even for a set of basic charts (<10 MB) can pose difficulties for NHMSs with limited bandwidth.  An interesting development is the increased use by smaller nations of satellite radio broadcasts to obtain data. The EMWIN system
, although designed to provide data across North America, provides several Pacific States with their main source of charts from deterministic models, and a similar system (RANET
) operates in Africa. Typically, charts are downloaded to a central server in the main office of a weather service, and forecasters use a simple web browser to access the images across the local network. The satellite download is relatively fast and cheap, and avoids multiple downloads of the same image across more expensive two-way Internet connections. Access within each office is also fast, allowing display of a wide range of charts, and animation of images.  

Data Formats 

7.
The most easily and widely accessible ensemble data are presented in the form of charts on web sites.  These charts offer several advantages in that they are easily viewable and often represent significant processing of the raw ensemble information, as for example in spaghetti diagrams or probabilities of anomaly exceedance.  The biggest drawback is that the information cannot be readily extracted for use in automated processing.  A secondary issue is that the location of these images on a web server and their filenames tend to be less tightly controlled than for gridded data, making it more difficult to maintain automated systems for the download of the images. 

8.
Gridded fields from EPS continue to be exchanged almost exclusively in GRIB Edition 1.  This format has some deficiencies that are addressed in the recently ratified GRIB Edition 2
.  Data of any sort in GRIB2
 (and the decoders) are only just beginning to be available, and full migration to the new format will take several years.  

9.
Even for countries with reasonably good Internet access, the volume of EPS gridded data can be a challenge.  Options for reducing the volume any one user requires, such as grids that cover portions of the globe, would be welcomed.  The NWS in the United States are testing a new type of data compression using wavelets for use with GRIB2
.  This extension, which offers significant extra compression over existing methods, has been submitted for validation but is not yet officially part of GRIB2. 

10.
Smaller NMHSs are likely to prefer ready to view charts, while those with more resources and access to larger bandwidth will prefer gridded data.  Table 1 is a reproduction, with only minor changes, of the table summarising the types of data available and their relative merits that appeared in my submission to the previous meeting of the ET. 

Data and Training

11.
Without a data feed of some sort in place the benefits from EPS systems cannot be realised.  Similarly the effectiveness of training will be compromised if participants on a training course are not able to practice what they have learnt when they get home.  A balance also needs to be struck when preparing training sessions between demonstrating best practice using advanced tools and display systems, and recognising the more limited resources that may be available when students return home. 

12.
One way to address the issues above would be, as part of the development of training material itself, to identify basic sets of data with global coverage that are easily accessible.  These data, which would likely include charts from a number of sources and EPS modelling centres, could then form the basis for case studies and even real time exercises.  Furthermore once the data set had been described it may be possible to investigate making it available it either directly via the Internet or through one of the satellite radio broadcasts mentioned above.  Depending on the intended participants at a training session, it may also  be sensible to consider providing technical assistance as part of the training to help participants gain access to the data. 

	Product Type
	Volume/
day
	Typical User and Use
	Format
	Transmission



	Full sets of global high-res ensemble gridded data for many fields and levels 


	1+ GB 
	Large sophisticated centres 

Research, model verification etc
	Currently GRIB1, GRIB2 within 3(?) years. 

States may use other formats (eg netCDF) for local storage.
	Dedicated circuits.

Media (tape) for archived runs

	Limited set of gridded fields, at reduced resolution and over a limited area. 

e.g. data on NCEP’s server 
	1-200 MB 

(when cut down to limited area)
	Mid level NMHS (like MetService) or regional offices of larger NMHSs.

Internal display and generation of local, value-added, products.  Boundary conditions for short range ensembles.
	Currently GRIB1, GRIB2 within 3(?) years. 

Octants are one way to reduce the volume of a global data set, another alternative is for the recipient to specify the specific area, fields, and levels they require. 
	Access by ftp server, possibly over dedicated circuits

	A basic set of post-processed gridded fields such as ensemble mean, standard deviations, probability of rain or gale, etc

e.g. EC EPS Product sets 2 & 3
	10 MB 
	NMHSs with average to limited resources.  

Support basic forecasting and backup for more sophisticated systems.  

Fields can be plotted ‘as is’.

Could form basis for training sessions. 


	Currently GRIB1, GRIB2 within 3(?) years.
States would need to upgrade to GRIB 2, but they would be familiar with this type of data. 

Although the number of members, resolution, model configuration will change the basic nature of these products would stay the same
	GTS (?)

Also public access ftp server, and/or satellite radio broadcast)

	Ready plotted fields such as spaghetti charts, plume diagrams etc.

e.g. Penn State’s EPS page
	1-10 MB
	States with limited access to technology and communications 

Direct display on workstation, possibly using a Java page to allow looping etc 
	Web friendly formats, e.g. png, gif

One global area linking to several smaller tiles would allow states to better target their own area.
	Internet 

Increased use of satellite broadcast to a local web server



	Graphic depictions of significant weather based in part or whole on ensemble data.

e.g. CPC Weather Threat 
	Trivial
	Mostly smaller NMHSs 

(larger centres would probably make their own) 

Emergency management
	Web friendly format for states with limited facilities. One global area linking to smaller tiles would allow states to better target their own area.

BUFR would allow the receiving centre to re-map a global product 
	Internet
Increased use of satellite broadcast to a local web server 

Could be (radio) faxed.

GTS (?)



Table 1.  Summary of the types of ensemble data and how they might be used and distributed.  Not all types of data or distribution system are currently available.  Daily data volumes are estimated from the EPS data (both high and low resolution) available on the NCEP ftp server.

Summary 

(i) Since the last meeting of the ET/EPS there has been an increase in the number of sites where ensemble data can be found, but little fundamental change in the types of data or the way it is distributed.

(ii) Currently, display ready charts available from web servers are, and will be into the foreseeable future, the easiest way for forecasters to access ensemble forecast information.  This is especially so for NHMSs with limited computing resources and bandwidth.  Providers of EPS data should be encouraged to create fields in chart form for all regions of the globe. 

(iii) The move towards the use of GRIB2 to exchange gridded EPS data is gradual but gaining momentum.  In order to preserve bandwidth, splitting of global fields into geographical subsets should be encouraged and the adoption of advanced compression techniques, such as wavelet compression, pursued.

(iv) Training in the use of ensembles will be more effective if the end users also have ongoing and reliable access to EPS data.  It would be useful to consider including technical assistance in obtaining and displaying ensemble data as part of any training programmes on EPS that are organised.  

(v) Taking advantage of satellite radio broadcast of data may be one way of helping smaller nations gain access to ensemble products.

� � HYPERLINK http://www.wmo.ch/web/www/DPS/EPS-HOME/eps-home.htm ��http://www.wmo.ch/web/www/DPS/EPS-HOME/eps-home.htm�





� � HYPERLINK http://www.sidsnet.org/docshare/other/20030812103446_Workshop_final_summar_honolulu_july_2003y.pdf ��http://www.sidsnet.org/docshare/other/20030812103446_Workshop_final_summar_honolulu_july_2003y.pdf� 





� � HYPERLINK http://www.ranetproject.net ��http://www.ranetproject.net� 


� � HYPERLINK "http://www.wmo.ch/web/www/DPS/ET-DR-C-PRAGUE-02/Doc2(1).doc" ��http://www.wmo.ch/web/www/DPS/ET-DR-C-PRAGUE-02/Doc2(1).doc�





� � HYPERLINK "http://www.wmo.ch/web/www/DPS/Global-Producers/Doc5-10.pdf" ��http://www.wmo.ch/web/www/DPS/Global-Producers/Doc5-10.pdf�





� � HYPERLINK http://www.wmo.ch/web/www/DPS/NewCodesTables/GRIB2forValidation0403.doc ��http://www.wmo.ch/web/www/DPS/NewCodesTables/GRIB2forValidation0403.doc� 





