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________________________________________________________________

Summary and Purpose of Document

 Purpose of this document is to show the usage of the universal BUFR software within ECMWF operational system.


________________________________________________________________

ACTION PROPOSED
The meeting is invited to discuss the document.

1. Introduction

The ECMWF‘s Council decided in summer 2002 to support WMO and establish a software house for BUFR, CREX and GRIB 2 software and make them available as free downloads from its web site.  BUFR and CREX software is universal and implemented at the ECMWF for operational use.  An estimate of the volume of BUFR/CREX observations on GTS is about 1.2 Gbytes with prospects of a very sharp increase over the next  few years.  ECMWF is currently handling about 1.9 Gbytes of BUFR observations.  Most of the observations are satellite data.

The software is up to date with BUFR Edition 4, CREX Edition 2 and GRIB Edition 2.  The corresponding software libraries exist  and can be used by data acquisition and pre-processing software or any other applications.  BUFR and CREX software is backward compatible.  This document describes one possible implementation of the universal BUFR and CREX software.

2. Data acquisition

Most WMO Member States receive meteorological observations and products through the Global Telecommunication System (GTS).  In some cases the data is acquired through the internet using automated ftp procedures or by other means.  Since migration to TDCF is spread over a long period, parallel data handling systems are needed to handle current WMO coded data and TDCF data.  This may require additional financial, human and technical resources depending on the volume of the data received and used. 

GTS data in BUFR, CREX or GRIB format should be received as a Meteorological message, comprising a single meteorological bulletin, preceded by a starting line and followed by an end of message signal.  Sometimes the data can be received as a file transfer containing many Meteorological messages.  The smallest starting data processing object is therefore a Meteorological message. 

It is recommended to keep a backup of the received data for at least a day, and for a longer period whenever possible.  This will allow for any necessary reprocessing of data.  Due to the reception of observations in different formats, a duplicate check and the potential removal of duplicated data is needed.  Each National Meteorological Service can have a different requirement for observations and the level of processing.  Some might decide to use Data Bases for storage and access of observations.  For example, the ECMWF stores incoming GTS Meteorological messages into the Message Data Base (MDB), setting a few simple data base attributes like components of abbreviated heading, time, data size, checksum etc., and keeping the data in the original format.  MDB tables can be exported for archiving and imported for reprocessing purposes as required.  To allow easier processing, the messages are streamed into different data base tables depending on observation types or other features.

Once the received Meteorological messages are saved, further processing is required depending on the user’s applications.

3. Pre-processing

Since the data received are in the coded form, the first task in the pre-processing is to decode the Meteorological messages in order to get values of meteorological parameters.  To fulfil this task decoding software  for character-coded observations is needed: one for each WMO FM- code type, and universal BUFR and CREX software to decode the TDCF messages.  It is good practice to perform a quality control of decoded meteorological parameters at this stage.  Decoded and quality controlled values can be used as input to different applications or they can be written into the Data Base containing decoded values as values of attributes of the Data Base. 

The other possibility is to keep the “observation” as the smallest quantity in BUFR form in the Report Data Base (RDB).  The ECMWF has adopted this approach.  As an example, a message from MDB in BUFR form is expanded using universal BUFR software, the expanded values are quality controlled, and a new BUFR message is created including quality control information associated with each meteorological parameter.  To perform quality control the standard WMO quality control procedures have been used.  The attributes of the RDB are again very simple (date, time, position, identifier, data type, data subtype etc.).  Any data not in BUFR form are packed into BUFR format at this stage.  CREX messages are converted into BUFR format and at the end the RDB contains only BUFR messages.  It is worthwhile emphasizing that BUFR format is more than a storage format - its primary role is to define observations using many BUFR regulations.  There is a clear advantage at this stage to keep observations in BUFR form because of the data size. 

The other very important function of the pre-processing is to organize and repack incoming BUFR data in the full BUFR templates for particular observation type.  The regularity in the data achieved, allow BUFR compression and the data volume decrease.  In the case of ECMWF, the analysis feedback BUFR observations contain three times more information than the original analysis input BUFR observations, and therefore any decrease in the data volume is helpful. 

Having observations in the RDB in BUFR form is an advantage because it is readily accessible  by other applications, such as the extraction of data from the RDB for analysis, extraction for archiving, data coverage plots, different cut-off extraction times data availability studies.

4. Observational data base

The main user of the observations at the ECMWF is the forecast sub-system, a part of the ECMWF operational system.  For each analysis cycle the observations are extracted from RDB into a number of files and transferred to the mainframe computer, where the data analysis and forecast are performed. 

The main interface to the analysis is the Observation Data Base (ODB).  The ODB is loaded with observations by software whose integral part is universal  BUFR software.  The analysis system updates the ODB with quality control information, first order statistics and analysis departure values.  The ECMWF handles about 70 million observations per day, where one observation is one BUFR message subset.  The size of the ODB is about 10 times bigger than the original  observations in BUFR form.  At the end of the analysis, the analysis feedback BUFR files are created for archiving and other purposes.  The BUFR feedback files contain original observations, analysis variables, quality control information, first order statistics and analysis departure values.  Again, the part of the software which performs this task is universal BUFR software. 

5. Usage of universal BUFR software

The following applications are using universal BUFR software :

Metview – graphical software

BUFR viewer 

DOBSTAT – package for statistics calculation and plotting

Many BUFR tools for BUFR data manipulation 

6. Archiving

The ECMWF policy is to use only two data formats internally, BUFR for observations and GRIB for fields.  The universal BUFR software is used in the programs for observation filtering in the MARS archiving sub-system.

7. Conclusion

The ECMWF universal BUFR software is extensively used within the Centre in the four sub-systems of the ECMWF operational system.  Over last twenty years there was an increase in the volume of the BUFR observations from 10 Mbytes per day to current 2Gbytes per day.  Universal BUFR software and the decision to use only two formats within the Centre, made the software development and maintenance simple, with relatively small number of staff involved. 
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