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OBJECTIVES

• Understand WMO binary data formats used in WIS2

• Decode BUFR, and GRIB datasets

• Use ecCodes for decoding

• Explore operational workflows for WIS2 data exchange

• Apply practical decoding techniques in meteorological 

systems



WHY DECODE WMO BINARY 
FORMATS?

• Meteorological data is distributed in compact binary 

structures

• Efficient for large datasets and real-time dissemination

• Supports global interoperability across NMHS systems

• Required for forecast models, observations, and climate 

products



MAIN WMO FORMATS

• BUFR (Binary Universal Form for the Representation of 

meteorological data) 

 – observational data exchange 

• GRIB (General Regularly-distributed Information in 

Binary form)

• numerical weather prediction and model grids 



BUFR OVERVIEW

• Table-driven binary format

• Widely used for observational data

• Supports synoptic, marine, upper-air, aircraft, and 

satellite data

• Flexible and extensible through WMO descriptor tables



• BUFR tables for radar are not visual image tables. They 

are strictly structured text, CSV, or XML catalogs 

published by the WMO that define the exact meaning, 

scale, and bit-width of radar data. 

• In a radar decoder, BUFR tables are translated into 

simple text or reference catalogs that link 6-digit 

descriptors to specific values (e.g., reflectivity, velocity, 

etc).



Radar BUFR tables are primarily divided into four key 

components: 

• 1. Table B: The Element Descriptor Table

• Table B defines the physical radar variables and parameters. 

It uses the format F-XX-YY, where F indicates the type, XX is 

the data class, and YY is the specific entry.



• 2. Table D: The Sequence Descriptor Table

• Table D acts as a macro. It groups multiple Table B descriptors into 

organized sequences so encoders don't have to list every single 

radar variable every time.

• 3. Code and Flag Tables

• These specify non-continuous, qualitative metadata (such as the 

operational status of the radar, the scan mode, or clutter treatment)



• 4. Table A & Table C

• Table A defines the overall data category (e.g., "Radar 

data" or "Vertical soundings").

• Table C contains operators that allow decoders to modify 

data width or scale in real-time.

To explore machine-readable or human-readable formats used by meteorological 

agencies, you can browse the full documentation and templates maintained by the 

WMO Manual on Codes or download the European OPERA radar conversion templates on the 

EUMETNET OPERA BUFR Guidelines  

https://wmo.int/latest-version
https://www.eumetnet.eu/wp-content/uploads/2025/05/OPERA_2008_14_BUFR_Guidelines.pdf


XML /CSV



BUFR MESSAGE SECTIONS

• Section 0 – Indicator Section

• Section 1 – Identification Section

• Section 2 – Optional Section

• Section 3 – Data Description Section

• Section 4 – Data Values

• Section 5 – End Section



301051 004006 007002 010004 

012001 011001 011002 011031 

011032 011033 020041

01001010111010100101010101010

10100010001010101010001010100

10100101010010010100101001010

10101010101111000010101001001

Contains a list of six digit descriptors in the form F-X-Y → 0-04-006
Descriptors starting with

F=0 are elements listed in Table B
F=1 denote replication of descriptors
F=2 are operators acting on descriptors
F=3 are sequences of descriptors listed in Table D

Contains the encoded values as a bit stream 
which can be decoded
• Implementing the decoding regulations 

and notes
• Using the Tables

SECTION 3

SECTION 4

recipe

ingredients



GRIB OVERVIEW

• Optimized for gridded meteorological data

• Used in weather forecasting systems worldwide

• Supports forecasts, analyses, and ensemble products

• Compact and efficient storage for large grids



EXAMPLES OF DECODING TOOLS

•Metview is primarily a meteorological workstation, visualization, and 

data-processing tool. It can read, inspect, decode, filter, 

and visualize both BUFR and GRIB data, but it relies on ECMWF's ecCodes 

library to do the actual BUFR/GRIB decoding. 

• AWIPS (Advanced Weather Interactive Processing System) is a much 

larger operational forecasting system used by meteorological services. 

It ingests and decodes many meteorological formats, including GRIB and BUFR, 

as part of its data-processing pipeline. The decoded data are then displayed 

and analyzed in AWIPS applications. 

• ECMWF's ecCodes is specifically designed for encoding and decoding WMO 

GRIB and BUFR formats. If your goal is simply to verify that a BUFR file generated 

by wis2box is valid and contains the expected observations (e.g., SYNOP, TEMP, 

AWS 

data), ecCodes tools (bufr_dump, bufr_ls) or Metview are usually the easiest 

options. 

AWIPS is generally much heavier to install and operate for that purpose. 



ECCODES TOOLS

• Developed by ECMWF

• Decode and encode BUFR and GRIB formats

• Supports command-line and Python APIs

• Common tools: bufr_dump, grib_dump, grib_ls





OPERATIONAL WORKFLOW

• Receive data from WIS2 subscription

• Validate metadata and headers

• Decode binary payload

• Extract meteorological variables

• Store or visualize decoded information



DATA CONVERSION 
TOOLS

• synop2bufr converts FM-12 

SYNOP to BUFR

• csv2bufr converts AWS CSV 

data into BUFR

• Supports migration from 

legacy formats

• Integrated into wis2box 

workflows



BEST PRACTICES

• Use official WMO and ECMWF tools

• Validate binary messages before processing

• Maintain updated descriptor tables

• Automate decoding pipelines

• Monitor operational WIS2 feeds continuously



SUMMARY

• WMO binary formats are essential for modern 

meteorological exchange

• BUFR and GRIB are core formats in WIS2

• ecCodes simplifies operational decoding workflows

• Visit WMO site: manuals on codes, libraries, etc



THANK YOU

PRACTICAL SESSION STARTS 
NOW:

EXAMPLE DECODING AND 
VISUALIZING DATA USING 

OPEN-SOURCE TOOLS
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