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Data representation for interchange

WMO has a long history in the development
and operational use of data representation

systems for the interchange of data products
related to weather, climate and water.
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Data representation for interchange

WMO data representation systems:

» Traditional Alphanumerical Codes (TAC)
SYNOP, TEMP, METAR, etc.

» Table Driven Code Forms (TDCF)
BUFR, CREX, GRIB

See:
http://www.wmo.int/pages/prog/www/\WMOCodes/ManualCodes.html
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Data representation for interchange

There are other data representation systems
(e.g. NetCDF, HDF) or XML-derived systems
used to present data products related to
weather, climate and water.

Issue: how to ensure the highest level of

Interoperabllity between applications based
on different data representation systems?
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Data representation for interchange

For the WMO Commission for Basic
Systems (CBS):

The application of the 1ISO 19100 series of
geographic information standards to the
development of a WMO conceptual model of
data representation should be considered as
a fundamental element of a CBS policy on
data representation systems.
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Data representation for interchange

The CBS policy should lead to :

» The development of a WMO core profile of the
ISO 19100 series for data and metadata

» A standard approach for data representation,
facilitating the interoperabllity and data
Interchange between applications based on data
representations systems associated to BUFR,
CREX, GRIB, XML, NetCDF and HDF
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Relationship between features, metadata and data
within the ISO Conceptual Schema Modelling
Facilities (CSMF).
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Facilitating the conversion between DRS

WMO Feature
catalogue Application schema |
Spatial schema
Temporal schema |
Metadata schema — Other schemas

Data product specification (ISO 19131)

specifies \ \ Model level
NN

Data level

L

Decoding rules for DRS No. 2 -— | Encoding rules for DRS No. 2
Data product Encoding rules for DRS No. 1

Decoding rules for DRS No. 1

(ISO 19118) (ISO 19118)
I mplemented
as
[omsstevssesmomsio} l
| Dataset encoded in DRS No| Descibed
byas
| Metadata |
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Faclilitating the transformation of
datasets instances of different models

Meta-Model A Meta-Model B

Meta-Model level

v Mapping v
ModelsA [¢ » Models B
Feature catalogue A | Application schemaA Feature catalogue B | | Application schemaB

atia schema A Spatial schema B
\ Temporal schema A \ ‘LTemporal schema B

MetadataschemaA | —| Other schemas A Metadata schema B Other schemas B
Model level
) Data level
\ 4 Transforming \ 4
Data products instances of Models A [€ »| Data products instances of Models B
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BUFR/CREX Tables

The parts of Volume 1.2 of the WMO Manual
on Codes related to BUFR/CREX mix the
aspects related to:

» The modelling of the data
» The data representation for interchange
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BUFR/CREX Tables

» Table B of elements
*Element descriptors (FXY=0XY)
*Replication descriptors (FXY=1XY)

» Table D of sequences (FXY=3XY)
»Code/flag tables
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Relationship between BUFR/CREX Tables

Templates (from Table D)

-FXY
1
1
1.* Sequences (from Table D)
< *FXY
*Element or sequence FXY
0.* *Name
0.1
1.*

Elements (from Table B)
XY

*Name

*Unit or codes or flags

T 0.1 F
Codes (from Table B) Common Tables Flags (from Table B)
FXY *FXY *FXY

*Name *Name

*Code Figure *Bit No

*Description *Description
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Three-level modelling based on
BUFR/CREX tables

The methodology for creating a model of a
WMO data product is based on a sequential
reading of the table of sequences:

A table Is created for each sequence
or replication found.

Results: a tree of tables with their relationship
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Three-level modelling based on

BUFR/CREX tables

FXY Element/Sequence name Y Reference Element/Sequence name
: 307 045 001063 ICAQ location indicator

307051 Main part of METAR/SPECI data

3 07 045 008 079 Aviation product status (routine, special,
307051 | 307046 Visibility corrected, not available)

3 07 045 002 001 Type of station
307 051 307013 Runway visual range

307 045 301011 Year, month, day
307 051 307014 Weather intensity and phenomena 307 045 301012 Hour, minute
307051 | 307047 Clouds 307 045 301023 Latitude-longitude (coarse accuracy)
307 051 307 016 Recent weather phenomena 307 045 007 030 Height of station ground above mean sea level
307 051 307017 Runway shear 307 045 007 031 Height of barometer above mean sea level

— 3 07 045 007 032 Height of sensor above local ground = 10m (if the
307051 307 050 Runway state 3 07 045 011001 Wind direction
307 051 1 01 000 Delayed replication of one 307 045 011016 Ext_reme cpunterclockwise wind direction of a
descriptor variable wind

307 045 011017 Extreme clockwise wind direction of a variable
307 051 031001 Replication count (O to 3 normally) wind
307 051 307 048 Trend type forecast 3 07 045 0 08 054 Qualifier for wind speed or wind gusts

307 045 011083 Wind speed (km/h)

3 07 045 011084 Wind speed (knots)

3 07 045 011 002 Wind speed (m/s)
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Relationship

netween tables in the METAR model

Fi
F4

Latitude {coarse accuracy
Longitude {coarse acourac

FO

Fi

ICAO location indicatord
Product status 1

Type of station2

Height of station ground at
Height of barometer above
Height of sensor above loc.
wind directiont

Extreme counterclockwise |
Extreme clockwise wind dire
Cualifier For wind speed or
wind speed1l

Wifind speedll

wind speediz

Cualifier For wind speed or
Maximum wind qust speedl
Maximum wind gust speed]
Maxirmum wind qust speedl
Cualifier For wind speed or
Height: of sensor above loc,
Temperatureld

Dewy poink temperature2d
Height of sensor above loc.
Altimeker setting (QRH)Z2
General Weather Indicator

)8

Qualifier of the i

Fz2
F25

Significant present or forecast weather

*

FQ
Fa
Prevailing horizor

Bearing ot azimuthi
Minimum horizonkal visibility1

Fz1

F22

Zhange qualifier of a trend-type For
Height of sensor above local grounc
Wind directionZ

Qualifier For wind speed or wind qus
Wifind speedd

wind speedS

Wifind speeds

Qualifier For wind speed or wind qus
Maximum wind gust speedd
Maximum wind qust speedd
Maximum wind gust speed10
Qualifier For wind speed or wind qus
Height of sensor above local grounc
General Weather Indicator (TAF/ME
Prevailing horizontal visibility (5314

F27
Wertical visibilizwd
Wertical visibilizy 1

F27
Fz23
‘ertical significance (surface
Clowd amount1

Cloud bypez

Height of base of doud3
Height of base of doudd

Seafmater kemperaturel
Height of waves 1

Fil
Wertical visibilityi
Wertical visibilizy 1

F11

Fiz

vertical significance (surface
Cloud arnount 1

Cloud bypez

Height of base of cloud3
Height of base of cloud4

F7

Fa

Rurmway designakard

Qualifier For runway visual range
Rurmay visual range (RYR)Z
Qualifier For runway visual range
Rurmay visual range (RYRO4
Tendency of runway visual range

*

Fig
F19

Rurmsay designatard j

eneral condition of runwayl

F15

Fz0

Rurmway designatard
Rurmway deposits1

Rurway contamination2
Depth of runway deposits3
Rurmay Friction coefficient4




A meta-model defining the structure A meta-model describing
of atable of the tables of the trees: how to define the tables of Meta-model level
the trees and their structure

The model for atype of data product is an instance of the meta-model
associated to a type of data product Model level
[ [
TableList TreeTables Elements (fromTable B)
-Names = -TableNames 11 -FXY
-Aliases -Fields/Elements -Name
-Description -Unit L. -Unit
-ForeignK ey =
-|ndex " Codes (from !
| Table B) 0.1 | Flags (from
|1 -FXY Table B)
Sequences(fromTable D) -Name Common -FXY
-FXY -CodeFigure Tables -Name
-Element (in the format -Description -EXY -BitNo
FXY) Description
-Name
A data product is an instance of the moded for atype of data product

Data product level
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Three-level modelling based on

BUFR/CREX tables
> A meta-model Documents describing a
defining the structure model for a data product

of a table of the tables
of the trees

—
»A meta-model
describing how to =P >Tables of the tree

define the tables of
the trees and their
structure

» Table of the tables
of the tree

Meta-model level Model level
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Table of the tables of the tree for METAR/SPEC

name alias alias_2 (see footnote 2) description ForeighnKey index
M307051 M1 METAR - - FO
M307051M307045 M2 MainPart Main part of METAR/SPECI data FO F1
M307051M307045M301011 M3 YYMMDD Year, month, day F1 F2
M307051M307045M301012 M4 HHmMmm Hour, minute F1 F3
M307051M307045M301023 M5 Coordinates Latitude-longitude (coarse accuracy) F1 F4
M307051M307046 M6 Visibility Visibility FO F5
M307051M307046R1 M7 PrevailingVisibility R - F5 F6
M307051M307013 M8 RunwayVisualRange Runway visual range FO F7
M307051M307013R1 M9 ByRunways_1R - F7 F8
M307051M307014 M10 WeatherlntensityPhenomena_1 Weather intensity and phenomena FO F9
M307051M307014R1 M11 ByTypesl R - F9 F10
M307051M307047 M12 Clouds_1 Clouds FO F11
M307051M307047R1 M13 ByLayers_1R - F11 F12
M307051M307016 M14 RecentWeatherPhenomena Recent weather phenomena FO F13
M307051M307016R1 M15 ByPhenomena_R - F13 F14
M307051M307017 M16 RunwayShear Runway shear FO F15
M307051M307017R1 M17 ByRunways_2R - F15 F16
M307051M307049 M18 Seaconditions Sea conditions FO F17
M307051M307050 M19 RunwayState Runway state FO F18
M307051M307050R1 M20 GeneralConditionByRunways_R - F18 F19
M307051M307050R2 M21 DepositsByRunways_R - F18 F20
M307051R1 M22 Trends_R - FO F21
M307051R1M307048 M23 TrendTypeForecast Trend type forecast F21 F22
M307051R1M307048R1 M24 Changes_R - F22 F23
M307051R1M307048R1M301012 M25 TimeChange Time of change F23 F24
M307051R1M307048M307014 M26 WeatherintensityPhenomena_2 Weather intensity and phenomena F22 F25
M307051R1M307048M307014R1 M27 ByTypes 2R - F25 F26




Extracts from the tables of the tree (METAR model)

table
M307051M307045
M307051M307045
M307051M307045
M307051M307045M301011
M307051M307045M301011
M307051M307045M301011
M307051M307045M301012
M307051M307045M301012
M307051M307045M301023
M307051M307045M301023
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045
M307051M307045

|a|ias| element | FXY |

M2 E001063n0 001063
M2 E008079n1 008079
M2 E002001n2 002001
M3 E004001n0 004001
M3 E004002n1 004002
M3 E004003n2 004003
M4 E004004n0 004004
M4 E004005n1 004005
M5 E005002n0 005002
M5 E006002n1 006002
M2 EO007030n3 007030
M2 E007031n4 007031
M2 E007032n5 007032
M2 E011001n6 011001
M2 EO011016n7 011016
M2 E011017n8 011017
M2 E008054n9 008054
M2 E011083n10 | 011083
M2 E011084n11 | 011084
M2 E011002n12 @ 011002
M2 E008054n13 = 008054
M2 E011085n14 | 011085
M2 E011086n15 @ 011086
M2 E011041n16 @ 011041
M2 E008054n17 | 008054

name
ICAO location indicator

Product status

Type of station

Year

Month

Day

Hour

Minute

Latitude (coarse accuracy)

Longitude (coarse accuracy)

Height of station ground above mean sea level (see Note 3)
Height of barometer above mean sea level (see Note 4)
Height of sensor above local ground (or deck of marine platf
Wind direction

Extreme counterclockwise wind direction of a variable wind
Extreme clockwise wind direction of a variable wind
Qualifier for wind speed or wind gusts

Wind speed

Wind speed

Wind speed

Qualifier for wind speed or wind gusts

Maximum wind gust speed

Maximum wind gust speed

Maximum wind gust speed

Qualifier for wind speed or wind gusts

unit
Character
Code table
Code table
Year
Month
Day
Hour
Minute
Degree
Degree
m
m
m
Degree true
Degree true
Degree true
Code table
km h-1
knot
m s-1
Code table
km h-1
knot
m s-1

Code table




Three-level modelling based on

BUFR/CREX tables

Compliance with the 1ISO 19100 series of geographic

Information standards, in particular ISO 19131 (data product
specification) at the model level:

BUFR tables

¢

Feature
Catalogue

Tables describing
the tree of the
tables and the
tables of the trees

¢

Application
schemas

The WMO core
profile of the

| SO metadata
standard

¢

Metadata
schema
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Three-level modelling based on
BUFR/CREX tables

» The application of the meta-model makes it
possible to generate automatically the models
for sets of data products from a database
application.

» The models facilitate the implementation of
the database applications at centres for the
production, exportation, importation and
storage of data products since the same type
of applications or algorithms, based on these
three levels, can be used to produce and
receive the data products.
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Three-level modelling based on
BUFR/CREX tables

Application of the models to the presentation of
data products for data interchange:

The encoding rules used to present the data
products for their interchange in a DRS and the
decoding rules used to import a data product
received are defined by the model documentation

and the reference documentation specific to the
DRS.
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Three-level modelling based on
BUFR/CREX tables

Application to the presentation of OPMET data
products in XML

A test of the transmission on the ICAO
aeronautical fixed service (AFS) of a METAR
iInstance of the three-level Modelling of WMO
data products based on BUFR/CREX tables

presented in XML was carried out in July 2009.
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Three-level modelling based on
BUFR/CREX tables

Application to the presentation of OPMET data
products (e.g. METAR) in XML,

» To enter the values of the elements in the
tables of the tree (instance of the METAR model)

» To export the tree of tables in XML producing
xsd and .xml files

Data level
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METAR instance of the three-level Modelling of
WMO data products based on BUFR/CREX tables

<?xml version="1.0" encoding="UTF-8"?> <E1>06</E1>
<dataroot xmIns:od="urn:schemas-microsoft-com:office data" <E2>22</E2>
xmlns:xsi:"http://www.w&org/2(?01/XM LSchema-instanc ~ e" 3>
xsi:noNamespaceSchemalocation="test%202.xsd" genera  ted="2009-06-22T11:03:38">

<M1> <M4>
<Sequence>307051</Sequence> <F1>1</F1>
<F0>1</FO> <F3>1</F3>
<M2> <E0>08</E0>
<F0>1</FO> <E1>50</E1>
<F1>1</F1> </M4>
<EO>EBBR</EO> </M2>
<E1>METAR</E1> <M22>
<E6>250</E6> <F0>1</FO>
<E11>10</E11> <F21>1</F21>
<E19>25</E19> <M23>
<E20>15</E20> <F21>1</F21>
<E22>1025</E22> <F22>1</F22>
<E23>CAVOK</E23> <EO>NOSIG</E0>
<M3> </M23>
<F1>1</F1> </M22>
<F2>1</F2> </M1>
<E0>2009</E0> </dataroot>
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METAR instance of the three-level Modelling of
WMO data products based on BUFR/CREX tables

METARISFECI REFORT IMPORTED IN XML - CONTENTS OF THE TAELES OF THE MODEL

MainPart subform

FO | F1 [ICAD loc] Praduct € Type of s|Height of |Heigh Heigl] Wind dire] Ex] Extrel Qua] Win| Wind spe| Wind Qual| Ma| Masin Masir| Qual] Height of | Terper| Dew poin] Height of sen| Altimeter| General Weather

L 1 1 EEER METAR 250 10 25 15 1025 CANVOK
*

Recard; .ll_'l | 1 Llil_bil of 1
YYMMDD subform HHram subfarm Coordinates subfarm Wisibiliey subfarm Prevailingvisibility R subForm

F1]| F2| ¥earl |Monthl] Day2 3 F1|F3] Houl | Minute'il F1|F4 Latitude {of| Longitude (coarse FO| F5 | Prevailing horizond F5| FE | Bearing ar azimuth| Minimum horizo

FE O 2Ee 6 2k ~ k|1 1 08 50 1 Lr 4 4
Recotd: I1| { ” 1 [1SE |>I |>*| al Recard: Hl ol || Al Record: H| 4 || 5 | - I'H IH‘-l of 1 Recotd: HI { ” 1. IH Record: HI q ” 1 (MEE |>| |H=| of 1
Clouds_1 subfarm BylLayers_1R subform Seaconditions subform

FO |F11]ertical visibilityd] Vertical visibility1 F11[ F12 | Wertical significance |Cloud amount?| Cloud type? |Height of base| Height of base of cloudd FO | F17] Seatwater temperaturel| Height
4 d 4
[ —————————
Record: 14| ¢ [ TN T Record: 14| 4 [ 1 e lee] of 1 1] | ] |Record: ] ] 1 e fee] of 1
VeatherIntensityPhenomena_l subform  BywTypesl_R subform Recent\WeatherPhenomena subfarm ByPhenomena_R subfarm

Fo_| Fg F9 | F10 |Significant present ar foracast weathard FO_ | F13 F13 | Fi4 | Significant recent waather phenomenall
b b |4  d
Record: 14 < | Record: 14 < || 1 prlrefof 1 Recard: 14] 4 ”_ 4]r]| | Record: 144 ”—1 L0 L
twnwayWisualRange subform  ByRunways_1R subform Runwayshear subform ByRurnways_2R subform

FO| F7 F7 | FB|Runway ded Qualifier f{ Runway vist Qualifier f{ Runway visual | Tendency of runway visual Fo| F15 F15|F 16| Designator of the runway affected by wind shear {inclu
b 4 > b
Record: 14 4 ||_ Record: 14 4 I 1 |wes]of 1 Record: 14 4 ||_ Record: 14| < || T L
tunwaryState subForm GeneralConditionByRunways_R subForm DepositsByRunways_R subfarm

FO | F18|General c F18 |F19|Runway desi] General condition of ruj F18 | F20 | Runway designatorD |Runway deposits1| Runway contamination2|Depth of runway deposits] Runway friction coef
b g 4 4
Recard: 14] 4 |] Record: 14| 4 | | vl of 1 |Rec0rd: 4] 4 ”_1 s enlre] of 1
ends_R subform TrendTypeForecast subfarm

FO | F21 il F21 | F22 | Change qualifie|Height of sensa|Wind dired Qualifier fol Wind spe|Wind speed5|\Wind spe| Qualifier f Maxirmurd Maxirmun] Maximuor] Qualifier | Height of | General W|Prevailing horiz
S e 1T T T T e
ke '
tecord: H| { Record: HI 4 || b | |'bl IH&{ of 1
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Three-level modelling based on
BUFR/CREX tables

More information on the three-level Modelling of WMO data
products based on BUFR/CREX tables is available from

http://www.wmo.int/pages/prog/www/WDM/modelling/ModelFr
omBUFR_V5.doc

Thank you
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