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What is BUFR

* Binary representation of meteorological
data or Binary Universal Form for data
Representation.

e Continuous bit stream made of
sequence of octets.

* Table driven code.
» Self descriptive code.
* Machine independent.

« Compression available for improved
transmission speed.
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BUFR tools — data valldatlon

) BUFR/CREX format checker - Mozilla Firefox
File Edit Wiew History Bookmarks Tools Help

€2 -0

f5]Most Visited ~ [o| ActivPack Web Help D... & Entity Management S... & Top Level Display =»FootPrints £

] [ o | http /fanaew. ecmwf. int/products/data/d/chechk/ | - ] [ - | -11;,]

Home YourRoom Login Contact Feedback Site Map Search:| |

i About Us Products Services Research Publications News&Events
Overview Forecasts Computing Moo lling MNewsletters Cakndar
. u . Getting here Circer Data Archive Rearalysis Manuals Employ ment
Sea surface temperature and lce co  Commitiees Crcer Software PreplF3 Seasoral Library Open Tenders

Home = BUFR/CREX format checker
BUFR/CREX format checker

The purpose of the checker is to verify WMO BUFR/CREX templates used to create data for
GTS exchange.

The file size is limited to 500 kilobytes.

Select file to upload

Fils [fhnmeﬁectrainftndb ufr_decode/ast145 I Browse...
name:

http://old.ecmwf{.int/products/data/d/check/

&) 17-02-2009 - @ ECWMWE
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BUFR tools — data valldatlon

™) BUFR/CREX format checker - Mozilla Firefox
File Edit View History Bookmarks Tools Help

http:/fwew. ecmwf. int/products/data/d/check/

il G

&[m

=ik

Most Visited  [o) ActivPack Web Help D...

INUmper ol messdyges. |

B Message 1
Section0
Length of Section O:

BUFR edition number;

Section 1

Length of Section 1:
Ciriginating subcentre:
Crriginating centre:

Update sequence number:

Local tablke version number:
BUFR message type:
BUFR message subtype:
Year:

Manth:

Day:

Hour:

o)
-y ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Flag (Fresence of section 2):

o Entity Management S...

& byte(s)

Total kength of BUFF message: 380 byte(s)

3

18 byte(s)
o
o6
o

e Top Level Display = FootPrints

File ast145 is valid
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BUFR data examiner - metview4

File Edit View Profiles Help
U @- izj B P Key praﬁle:[WSystem::DefaultIv]

File: IUSD40_CKLI bufr
Permissions: -rw-r--——- Owner: usl Group: us Size: 5.0KE Modified: 2011-03-07 14:39
Total number of messages: 4

50 to message: E 50 to subset: E (Mumber of subsets: 1)

Index / |T3.rp |Sut |C |Ssc |Date |'|'|me ||_at'l Section 0-3 | Data | Data, bitmaps expanded |
1 2 0 89 1 2007-11-20 18:00  N/A |gectim |Name |v@|u33
2 2 0 89 1 2007-11-20 1200  NA | &. Section 0
3 2 0 (a1e] 1 2007-11-20 06:00 NIA LENGTH OF SECTION 0 (BYTES) g
4 2 0 89 1 2007-11-20 00:00 /A TOTAL LENGTH OF BUFR MESSAGE (BYTES) 1286
BUFR EDITION NUMBER 3
E- Section 1
LENGTH OF SECTION 1 (BYTES) 18
BUFR EDITION NUMBER 3 [
ORIGINATING SUB-CENTRE 0
. . ORIGINATING CENTRE 89
metview -e bufr ~trx/bufr decode/bufr file UPDATE SEGUENCE NUVBER o
FLAG (PRESENCE OF SECTION 2) 0
BUFR MESSAGE TYPE 2
BUFR MESSAGE SUBTYPE 0
VERSION NUMBER OF LOCAL TABLE 0 @
YEMAR 7
<1 () I | )

Status: Ol<
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BUFR format

 |ndicator section

* |dentification section

* Optional section

« Data description section
« Data section

* End section

— All sections are padded with “0°s if
needed to occupy even number of
octets.
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Section O - Indication section

» 4 characters BUFR’
* Length of message
* Editon Number — .omiees

M
MAGKCS 8,10 meds - ogi Wed Mar 817:10:08 2008 Tesi=Cb=01 CECMWF
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Section 1 - ldentification section

« Originating Centre
« Data Category (Table A) and sub-category
« Version number of tables

Date and time

File View Animation Zoom Tools Help
& ] & (0% e ® 'O06 & @ O s - Q Q8 lﬁ]_ E]
0 o0 o ns2
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Metview - uPlot <2>
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Section 2 — Optional section

« At ECMWEF, section 2 contains data

used by MARS.

o)
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File Edit View Profiles Help

@0 FEBP Keypofie

File: /home/ectrain/ndbufr_decode/bufr_file
Permissions: -nw-r--r—- Owner: trx Group: ectrain Size: 4 0KE Modified: 2011-03-07 14:34
Total number of messages:

Go to message: E Go to subset: n (Number of subsets: 1)
Section 0-3 | Data | Data, bitmaps expanded |
Section |Name |Va|ue Fﬂ
- Section 2 ]
LENGTH OF SECTION 2 58
REPORT DATA BASE KEY
RDB DATA TYPE 1
RDB DATA SUBTYPE 1
YEAR 2011
WONTH 3
DAY 4
HOUR 12
MINUTE 0
SECOND 0
LOMGITUDE 1 -8.48
IDENTIFER 03955
TOTAL BUFR MESSAGE LENGTH 220
DAY (RDB INSERTION) 4
HOUR (RDB INSERTION) 12
MINUTE (RDB INSERTION) 5]
SECOMND (RDE INSERTICHN) 4
DAY (MDB ARRIVAL) 4 =
HOUR (MDB ARRIVAL) 12
MINUTE (MDB ARRIVAL) 14
SECOND (MDB ARRIVAL 11
CORRECTION NUMBER 0
PART OF MESSAGE 1
CORRECTION NUMBER 0
PART OF MESSAGE 0
[Status: OK | 4

17/2/2015

10



Section 3 — Data description section

 Number of data subsets
» Flag for compression
« Data descriptors

ECMWF Data Coverage (All obs DA) - Aircraft
04/Mar/2013; 00 UTC
Total number of obs = 74310

W

1 . d
‘-I'. - - l -
H : H
.3 4 %
sh Lt . 4 . e
LA ; i
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o o = El Fl

£
WS

-----------------------------------
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Section 3 — Data descriptors

F X Y
type category entry
2 bits 6 bits 8 bits

F = 0 Element Descriptor — Bufr table B

F =1 Replication descriptor
— X = number of descriptors to repeat
— Y = number of times the descriptors are repeated

F = 2 Operator Descriptor — “Internal table C”
F = 3 Sequence Descriptor — Bufr table D
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“Table C” - Data

e 201yyy -C
o 202yyy -C
e 203yyy -C

Descriptor operators

nange data width
nange scale

nange reference value

« 222000 - Quality information

This table Is internal
See:

to the BUFR software.

http://www.wmo.int/pages/prog/www/WMOCodes/WMO306 vi2/LatestVERSION/LatestVERSION.html
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Section 4 - Data section

* Binary data

Section 5 - End section

. 4 digits ‘7777’
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BUFR Tables

 Table A - Data category

« Table B - Classification of elements
« Table C - Code and flag table (*)

« Table D - List of common sequences

http://www.wmo.int/pages/prog/www/\WMOCodes/WMO306 viI2/LatestVERSION/LatestVERSION.html

(*) Not to mix with the table C with ‘data
descriptor operators’ mentioned before.
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Table A - Data category

Used in the Section 1 (element 9) of the
BUFR message

« Example:
Code figure Meaning
0 Surface data - land
1 Surface data — sea
2 Vertical soundings (not

satellite)
31 Oceanographic data
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Table B - Classification of elements

Element Name Unit Scale Reference #bits
« 005001 Latitude (high accuracy) Degree 5 -9000000 25
007003 Geopotential m**2/s**2 -1 -400 17
« 002019 Satellite instruments Code table O 0 11
« 008001 Vertical sounding signifi Flag Table 0 0 7
* 001006 Aircraft flight number CCITTIAS O O o4
011012 Wind speed at 10m m/s 1 0O 12

— (obs. * 10**scale — Reference) is encoded into #bits bits

— For coded or flagged values, the element descriptor indicates the number of the table
describing the codes/flags.

« 0 - Table B entry
— 05 - Location (horizontal 1) class
— 01 - Identification

— 08 - Significance qualifiers
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Table C — Code and flag tables

e 0 20 003 — Present Weather

Code fiqure Meaning

0
1

10

11

61
171
172

173

511

Cloud development not observed or not observable

Clouds generally dissolving or becoming less
developed

Mist
Patches of shallow fog or ice fog

Rain, not freezing, continuous; slight at time of obs.
Snow, slight
Snow, moderate

Snow, heavy

Missing
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Table D - List of common sequence

« Table D can contain sequences of table B entries, Table D
entries and Operators. It is not needed but saves a lot of

space.

— 301027 301001
002011
002012
301011
301012
301022

WMO block and station
Radiosonde type

Radiosonde computational method
Date

Time

Lat/Long and station height
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Bufr software

« PBIO routines
— PBOPEN - open bufr file for read/write
— PBBUFR - read bufr message
— PBWRITE - write bufr message

1 Open input file for reading.
l

CALL PBOPEN (KUNIT, INPUT FILE, OPEN _MODE, ISTATUS)

! Check return code.

WRITE ( * , * ) v 1
WRITE ( * , * ) 'BFDEMO: After PBOPEN, status code = ', ISTATUS
WRITE ( * , * ) v 1

IF (ISTATUS .NE. 0) THEN
CALL PECLOSE (KUNIT, ISTATUS)
STOFP 'BFDEMO: PBOPEN failed.!
END IF

This is the beginning of a loop through BUFR records
reading one field at a time from the input datafile.

LOOP: DO WHILE (.TRUE.)

WRITE ( * . * ) LI A B B B B i B ]
WRITE ( # , * ) 1 1

CALL PEBUFR (KUNIT, KBUFF, JBUFL * NBYTES SP, KBUFL, ISTATUS)

WRITE ( * , * ) 'BFDEMO: After PBEBUFR, status code = ', ISTATUS
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BUFR decoding - BUFREX

 CALL BUFREX ( kbufl, kbuff, ksup, ksecO,
ksecl, ksec2, ksec3, ksec4,
kelem, cnames, cunits, kvals,
values, cvals, kerr)

e |nput arguments

— kbufl - length of bufr message in words

— kbuff - array containing bufr message

— kelem - expected number of expanded elements
— kvals - size of values array
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BUFR decoding - BUFREX

 Qutput arguments

— ksup - array containing supplementary
Information

— ksec[0-4] - array containing section [0-4]
Information

— chames - character array containing
element names

— Cunits - character array containing
element units

— values - real array containing element values

— cvals - character array containing char. elem.
values

— kerr - return code

P aa
-r ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 17/2/2015




BUFR decoding — BUSEL (expanded descriptors)

e CALLBUSEL(KTDLEN,KTDLST,KTDEXL,KTDEXP,KERR)
Output arguments

— KTDLEN - An INTEGER variable containing
number of data descriptors in KTDLST
array

— KTDLST - An INTEGER array containing the list
of KTDLEN data descriptors

— KTDEXL - An INTEGER variable containing
number of expanded data descriptors

— KTDEXP - An INTEGER array containing the list
of KTDEXL data descriptors

— KERR - An INTEGER containing error
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BUFR decoding

 To access character strings from cvals array, say,
for element 1.

- Index = values(i)/1000
— string = cvals(index)
— values(i) = index * 1000 + length

For example, if values of a character descriptor is
2008, one will have to look at cvals(2) and the
string will be 8 characters long.

« To access I-th element in multi subset message
from values array

— Index =1 +(nsub-1) * kelem
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BUFR Tables

 BUFR Edition 4 (and 3) naming convention
—  VSSSWWWWWXXXXXYYYZZZ

Y - Bufr table (B, C, D)

SSS - Master table number (000)

WWWWW - Originating subcentre

XXXXX - Originating centre

yyy - Version number of master table used

727 - Version number of local table used
e.g. BO0O0O0O000000098013001.TXT

C0000000000098013001.TXT
DO000000000098013001.TXT
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Where to find more about BUFR

« WMO manual on Codes, Volume |, International

Codes, Part B - Binary Codes, WMO No0.306, FM-
94-I1X Ext BUFR

 BUFR User Guide and Reference Manual,
ECMWF 2008

https://software.ecmwf.int/wiki/display/BUFR/BUFRDC+Home

e Guides to WMO Table Driven Code Forms

http://www.wmo.int/pages/prog/www/\WMOCodes.html

http://www.wmo.int/pages/prog/www/WMOCodes/WMQO306 viI2/LatestV
ERSION/LatestVERSION.html

* Python interface to BUFR available from KNMI
https://code.google.com/p/pybufr-ecmwi/
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BUFR decoding - the future ...

« ecCodes: rewrite of “BUFREX"
— More similar to the GRIB API
— Fortran 90, C and python interface
— BUFR tools
— Conversion to json

* To be beta-released shortly
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Practical examples — to be run on ecgate

Copy files across ...
cd $SCRATCH
tar xvf ~trx/bufr_decode/practicals.tar
cd bufr_decode

Familiarise yourself with the bufr examinar in metview, e.g.
metview -e BUFR bufr_file

The script “Retrieve_decode bufr.cmd” decodes a BUFR Synop
message. The source code file ‘bfdemo.f90’ is also available
together with the Makefile. The file ‘bfdemo.c’ contains C code.

make bfdemo
/bfdemo
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Practical examples — to be run on ecgate

« Can you adapt the above script/code to write part of the
observation data out to a file, e.g.

001001 WMO BLOCK NUMBER
001002 WMO STATION NUMBER
004001 YEAR

004002 MONTH

004003 DAY

004004 HOUR

004005 MINUTE

005001 LATITUDE (HIGH ACCURACY)
006001 LONGITUDE (HIGH ACCURACY)
010004 PRESSURE

011011 WIND DIRECTION AT 10 M

!
!
!
!
!
!
!
!
!
!
!
I 011012 WIND SPEED AT 10 M

An example job is available in Retrieve _extract bufr.cmd.
The source code file is bfextract.f90, with the Makefile:

make bfextract
/bfextract
cat fort.2
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