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EXECUTIVE SUMMARY

The joint Meeting of the Coordination Team on Migration to Table Driven Code Forms and the Expert
Team on Data Representation and Codes was held, at the kind invitation of ICAO in Montreal, from 8
to 12 May 2006.

The Team reviewed the status of validation tests for FM 92 GRIB Edition 2. Still validation tests
were needed for the templates related to the encoding/decoding of cross-sections, Hovmoller type
diagrams. More commitment from ICAO were needed to undertake acceptance of the Weather-Huffman
compression. The Team agreed to some additions of templates in GRIB 2 Tables, mainly for lossless
IEEE floats packing and simple packing. USA reported on new products available in GRIB 2, and their
plan for making all products available in GRIB 2. China was planning to produce GRIB 2 fields within the
next few years.

The Team examined various requirements, which had been expressed for additions to
BUFR/CREX Tables. The descriptors for transmission of SIGMET in BUFR were recommended for
pre-operational status. Descriptors combining requests from Canada, USA and the GEMS project
were recommended for Air Chemistry data, seeking urgent validation. Clarifications to some BUFR
regulations were approved. Numerous additions for the new European polar orbiting satellite
instruments data (MHS, IASI, ASCAT) were recommended for pre-operational status. At the request
of Japan, additions were recommended for pre-operational status for reporting in BUFR tropical
cyclone observations performed by satellite and Radar. Additions were recommended for height of
temperature sensor in SST measurement by ship and also for representation of nominal values. More
validation were requested for new descriptors of Global Ocean Data Assimilation Experiment
(GODAE) high-resolution sea surface temperature pilot project (GHRSST-PP) data. .

ICAQ passed to the Team for recommendation the proposed changes to the aeronautical codes
FM 15, FM 16 and FM 51, which form part of draft Amendment 74 to ICAO Annex 3/ WMO Technical
Regulations [C.3.1.]. The Team agreed that the proposals looked correct. The Team recalled that the
biennial regular sessions of CBS imposed constraints on the dates where changes to aeronautical
codes (FM 15 METAR/SPECI AND FM 51 TAF) could be implemented. The Team stressed again
there was a need of respecting an agreed calendar and that the adaptation of ICAO of this calendar
for the changes to codes was imperative. A calendar with planned dates for approval of code changes
and implementation for the next 4 years was proposed.

The Team reviewed the status of the migration and noted that more BUFR bulletins were
exchanged than recorded in the WMO monitoring file. The last information showed that:

—Many RA VI countries are working for development and starting production:
*Czech Republic, Germany, Netherlands and Slovakia are disseminating AWS observations in
BUFR, Israel: TEMP, PILOT, SYNOP and SHIP data in BUFR, Jordan (SYNOP), France
(SYNOP), Czech Republic produces TEMP in BUFR, and ozone sounding and soil temperature in
CREX
—RA V: Australia produces SYNOP in BUFR for Australia and Papua New Guinea and works for
other data types
—RA 1IV: USA produces upper-air data in BUFR, and sea level data in CREX. Mexico tested
encoding of SYNOP, TEMP, CLIMAT and CLIMAT TEMP. Costa Rica works on implementation.
—RA 1lI: Brazil works seriously on implementation.
—RA 1I: Japan Meteorological Agency is disseminating since November 2005 SYNOP, SHIP,
TEMP, TEMPSHIP, TRACKOB, TESAC, BATHY, CLIMAT, CLIMAT, RADOB, SAREP; SATOB
data in BUFR - China will produce SYNOP in BUFR in 2007.
—RA I: Some African countries are working seriously on the migration: e.g. Botswana, Ethiopia,
Morocco, Mozambique, Senegal, Tanzania. Some are considering to use CREX (more metadata
more precision and more flexibility compare to traditional SYNOP code).
ICAO wished to target completion of migration to BUFR in 2016, and needed to keep use of GRIB
Edition 1 up to 2010.

The Team agreed for a solution to transmit Corrected, Amended, Delayed and NIL BUFR
binary bulletins, as well as NIL report within a BUFR message containing a set of reports. The Team
also confirmed that non-standard units will be allowed in BUFR for only aviation usage.

The Team congratulated Dr Eva Cervena who presented the final regulations for reporting
almost all TAC data in BUFR, including relevant regional practices. The Team was impressed by the
work accomplished and recommended that these templates be pre-operational. Validation of the
regional templates might be done in cooperation with the Working Groups on Planning and
Implementation of WWW in RAs. The Team proposed that descriptors representing national practices
in TDCF be developed by the countries themselves. The Team examined also proposed templates for
buoy wave data, high-resolution radiosonde and METAR/SPECI and TAF. These templates need
more validation, especially the METAR/SPECI and TAF templates to be operational on 7 November
2007. William Chillambo, the representative from Tanzania, reported on the activities in Tanzania



especially for training on the use and encoding of data in CREX. This training was also shared with
neighbouring countries. The Team agreed that more assistance should be provided to countries in
Africa like Tanzania. The representative of the Secretariat reported that Countries from West RA |
were planning to implement a CREX code for describing squall lines.

Two representative of HMEI, Mr Paul Heppner from 3SI (USA) and Mr Michal Weis from IBL
software Engineering (Slovak Republic) attended the Meeting as observers. Mr Weis reported on his
experience with implementation of BUFR encoder/decoders. He observed a significant gap between
TDCF producers and the final users at the data-processing level. Both groups have different
expectations from the software, from the data processing and have a different level of knowledge of
data. The main reasons for this dichotomy were probably the common misunderstanding resulting
from not making a difference between decoding and understanding/interpretation.

The Team repeated that XML could be a useful exchange mechanism for small amounts of
data and that some WMO guidance on nomenclature, conventions and/or best practices might be
useful in order to assist member countries in this effort. However, there had been minimal XML
experience reflected within the existing membership of the ET/DR+C, so the need to involve additional
subject-matter experts was repeatedly emphasized. USA and UK reported on their usage of XML for
specific data exchanges. The U.S.A has a substantial body of work to share in such an effort, and
would like to volunteer involvement in all steps of the development and decision process for any such
future guidance, best practices, and associated WMO standards for XML. The Meeting considered
that NetCDF was array driven and file oriented, and that it was more appropriate for fields than for
observations. It was somehow acceptable for data retrieval, but surely unusable for real time
automatic operational exchange on the GTS. The Meeting repeated the need to hire a consultant to
establish the exact requirements, to define the tasks to put standards for parameters in a convention,
how to link it with GRIB 2 and identify what had to be done.

The Meeting considered the tasks needed to improve the process for migration to TDCF and
realized that numerous tasks remained to be done, especially for helping developing countries. The
Meeting considered how to provide central coordination of activities including preoperational testing and
operational implementation. As stated in its terms of reference, the CT recognized the need to
coordinate its activities and work together with other relevant international bodies. The Meeting was
informed of contacts with ICAO, CAeM, IOC, JCOMM and the satellite operators in order to co-ordinate,
agree and resolve migration issues related to specific code types. The Team stressed also the need to
coordinate with Regional Focal Points, National Migration Steering Groups and Codes Focal Points,
RTH Focal Points and others too, as needed, to identify problems and develop and implement solutions.
Information should be passed to the Regional Rapporteurs on Codes and Data Management or ISS.
The Meeting reviewed the achieved training activities and considered new ways, aiming at more
efficiency, to train countries to implement the migration.

The CT agreed that there was a problem of visibility of the migration. The CT recommended that
a special information should be sent again to the PRs, in the shape of a letter accompanied with a one
page information giving the main lines of actions to be taken, then an annex which would be called
Migration Guidance. The Migration Guidance document will be targeted at the executive management,
who would then become aware of the migration and relay the information to the experts involved more
specifically with the different aspects of the implementation of the migration to TDCF. The Meeting
reviewed further the concept of pilot programmes and made recommendations for their implementation
with a view to help developing countries. It decided that Migration Implementation Programmes (MIPs)
should be supported if they have implementation as the defined result of their completion. It also
decided these programmes should integrate the recommendations of the migration plan. The Meeting
agreed to develop a template and guidance for a MIP and to make it available on an improved migration
web site.

Finally the Meeting considered a proposal to split the ET/DR&C in two teams (a Data Definitions
Working Group and a Data Infrastructure Expert Team) and found that this would not be workable for
two reasons:

i. The change of structure is definitely connected with the requirement for additional features to
data representation, which have to be analyzed in themselves, and might lead to structure
changes, but not always.

ii. The volume of work for TDCF codes is largely enough for a single team. Mixing expertise of the
Team in NetCDF and XML would require a much bigger membership, with people working
virtually independently.

To push XML and NetCDF two other teams need to be created to work with their own agenda. One
could foresee sometimes a common meeting between the 2 or 3 teams to ensure commonality of
standard definitions where it is required.
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REPORT OF THE JOINT MEETING OF EXPERT TEAM ON DATA REPRESENTATION AND

CODES AND COORDINATION TEAM OF MIGRATION TO TABLE DRIVEN CODE FORMS
(Montreal, Canada, 8-12 May 2006)

1. ORGANIZATION OF THE MEETING
1.1 OPENING OF THE MEETING

1.1.1 At the kind invitation of the International Civil Aviation Organization (ICAO), the joint Meeting
of the Expert Team on Data Representation and Codes (ET/DR&C) and Coordination Team of
Migration to Table Driven Code Forms took place in the Headquarters of ICAO in Montreal from 8 to
12 May 2006 (the participants’ list can be found in the Annex to this paragraph). The Meeting was
opened on Monday 8 May 2006 at 9.30 a.m. by Mr Bill Voss, Director of Air Navigation Bureau. He
welcomed the Experts and said that ICAO was honored to host this meeting. He acknowledged the
good work made by these Teams to develop technical solutions to satisfy, among many others, in
particular the requirements of the aviation community. He also indicated that ICAO will ensure in the
future the synchronization of changes to codes done by WMO with the dates of implementation of
changes for required meteorological information by ICAO. He wished the Experts a good stay in
Montreal.

1.1.2 The representative of the WMO Secretariat thanked ICAO for the excellent hospitality. He
also thanked the local organizers, especially Oli Turpeinen and Neil Halsey who worked, with their
staff for the local arrangements. He stressed that civil aviation has always been and is still the main
customer of meteorological services and that it was normal that civil aviation requirements were
taken seriously by WMO, and when possible, the Expert Teams were accommodating those
requirements in priority, like accepting non-standard units in BUFR. However, WMO had also its
own needs, like the necessary migration to Table Driven Code Forms. This was a long process,
which was not forcing ICAO to adopt drastic changes in data representation. It would be a slow
process. The data flow process was sometimes not clear for some community. The functions of
transmission and visualization were sometimes wrongly confused, and appropriate format conversion
was always a possibility to satisfy the user. It was often forgotten that the WMO codes were
fundamental to meteorology because they make possible the real time exchange of data, which is
the raw material for all meteorological processing and applications. The experts would have
challenging tasks on the agenda for this week, and they would have to make recommendations with
a view to their adoption by CBS.

1.1.3 Mr Milan Dragosavac from ECMWF, Chairman of the Expert Team on Data Representation
and Codes, after having thanked ICAO for hosting the meeting, welcomed the participants. He then
led the Meeting with diplomacy and efficiency for items 1 to 4. Mr Fred Branski, chairman of the
Coordination Team of Migration to Table Driven Code Forms followed to lead the Meeting with
diplomacy for items 5 to 8.

1.2 APPROVAL OF THE AGENDA

The Meeting agreed to the content of the agenda as proposed (see Table of Contents in front).



2, GRIB 2 CODE FORM

21 STATUS AND COORDINATION OF VALIDATION TESTS FOR GRIB2
ENCODING/DECODING

2.1.1 Validation of special templates for the transmission in GRIB 2 of cross-sections and Hovmoller
type diagrams

The Meting found again that no work had been undertaken to attempt the validation of the templates
related to the encoding/decoding of cross-sections and Hovmodller type diagrams. The need for the
exchange of these types of data might arise at some stage.

2.1.2 Validation of Weather Huffman (WH) compression scheme

The representative of NCEP, Mr Jeff Ator reported that, although the WH scheme was very efficient
for compression of radar reflectivity images, there was no official requirement from ICAO to pass
radar data in WH format to the cockpit and that there was no demand for the use of WH by ICAO for
the moment. The ICAO will report about this requirement at the next meeting of this group. Since
the conditions expressed by the Team in Oman were not implemented, that is: (1) some recognized
organization accepts to be the official custodian and maintainer of the algorithm and (2) ICAO
provides a commitment that they will actually use it, there was no need to pursue the inclusion of WH
in GRIB 2 for the time being.

2.2 OTHER ADDITIONS OR MODIFICATIONS

2.2.1 Parameters for GEMS (Global and regional Earth-system Monitoring using Satellite and in
situ data)

ECMWEF indicated that the proposal was still in the refinement process and that it will need to be
revisited at a later stage.

2.2.2 Simple packing

ECMWF had noted that the Guide on FM-92 GRIB Edition 2 (page 38) states that the increments
should be created by subtracting minimum value of the field from each field value; whereas, GRIB
packing and unpacking must be symmetrical in the sense that the same values shall be used in
packing/unpacking process. Since R (the reference value) is stored as IEEE 32 bit floating point
number, its value can be slightly different from the field minimum value and cause problems specially
when dealing with small numbers. ECMWF proposed to use always IEEE 32 bit floating point R
number for increment and binary scale factor calculation instead of minimum value of grid. R shall
be the largest IEEE 32 bit representation, which is smaller or equal than minimum value. This
requires an amendment of Step 3 in the Guide as listed in Annex to this paragraph. The Meeting
agreed to this modification and recommended that this was the opportunity to check the Guide and
list any other possible needed amendments.

2.2.3 Discrepancy in template 4.30 Satellite product

The Product Definition Table 4.30, Satellite Product, contains:
Satellite series

Satellite number

Instrument type

The note recommends the usage of 002020, Common table C-5 and Common table C-8 respectively
for those elements. However in all three tables there were entries occupying more than 8 bits. The

2



Meeting agreed to deprecate template 4.30 and make a new template 4.31 PDT for Satellite Product
with (see Annex to this paragraph) with two octets for each of the mentioned entries.

2.2.4 Lossless packing

ECMWEF expressed a difficulty met with some chemical fields, where values are not of the same
range within a grid. And when sharing a scale factor between all values strong quantization errors
can be introduced. Therefore new templates were proposed where no assumption was made on
the data, and one simply uses |IEEE floats for data packing. The Team agreed to introduce these
new templates for preoperational status as listed in Annex to this paragraph.

2.2.5 Other modifications or additions to GRIB 2
2.2.5.1 Orthogonality of parameter definition

One of the objectives for introducing the new GRIB2 format was to overcome the limitations for
identifying a parameter in GRIB1. It was agreed to introduce a branching structure to allow a unique
identification of parameters. According to the GRIB 2 manual the parameter is identified by three
entities:

o Discipline (specified in Section 0),
o Category (specified in section 4),
a Parameter number (specified in section 4).

This statement is only to some extent correct and might cause trouble in certain circumstances. The
Discipline, Category, Parameter number are most often not sufficient to identify the meteorological
field uniquely, for example Sea surface temperature, Maximum 2m temperature, Temperature on
isobaric levels are all expressed by the same three temperature entity, even so they represent three
totally different parameters. For some parameters (meteorological fields) the distinction between
category and parameter is artificial, because the surface type is fixed and there is usually no
statistical process applied, e.g. Total precipitation, Snow melt. In such cases one can just use the
word parameter.

Instantaneous parameters (meteorological fields) are defined by nine values:

Discipline (specified in GRIB Section 0),

Category (specified in GRIB Section 4),

Parameter number (specified in GRIB Section 4),

Type of first fixed surface (e.g. mean sea level, isobaric surface),

Scale factor of first fixed surface,

Scaled value of first fixed surface,

Type of second fixed surface (e.g. isobaric surface, specific height level above ground),
Scale factor of second fixed surface,

Scaled value of second fixed surface.

[y oy iy Ny Wy

Parameters, which are defined over a continuous or non-continuous time-interval, need additional
pieces of information:

0 Applied statistical process (e.g. accumulation, maximum),

o Length over which the statistical process is applied,

€.g. 2m maximum temperature in the last 3 hours or 2m maximum temperature in the last 6 hours.

It is to be noted that a few parameters might have missing entities, e.g. Mean Sea Level Pressure
has no second fixed surface and no statistical process is applied.



It is obvious from the organization of the branching structure, that the surface type or the type of
statistical process must not be part of the name in Code Table 4.2. Otherwise it would produce
confusion. Example: The parameter Maximum temperature can be coded in different ways:

Discipline: 0, Category: 0, Number: 0 (Temperature),
statistical process: 2 (Maximum)

Discipline: 0, Category: 0, Number: 4 (Maximum temperature),
statistical process: 2 (Maximum)

Discipline: 0, Category: 0, Number: 4 (Maximum temperature),
statistical process: 255 (Missing, because it is already part of the parameter
number 4)

Similar situations appear when the surface type becomes part of the Code table 4.2. Example: Soil
temperature (Product Discipline 2) exists in Category 0 (Vegetation/Biomass) and with a not well-
defined surface type in Category 3 (Soil Products).

The Team agreed with ECMWEF that:

It is against the philosophy of GRIB 2 if the surface type and/or the statistical process become part of
the names in code table 4.2.

It creates ambiguities

It fills Code Table 4.2 unnecessarily fast up and hence makes GRIB 2 too complex.

The Meeting agreed to add parameter numbers and to mark parameters as deprecated; and to
address the special case of precipitation. The Meeting agreed that these new parameters would
resolve a vast number of confusion while coding and reduce the number of entries in Code Table 4.2
without loosing any benefit. Information about the statistical process, surface types and layer-types
should not be part of the names in Code Table 4.2.

The Annex to this paragraph describes the renaming to be performed.

2.2.5.2 Simple packing with logarithm pre-processing

ECMWF noted that there was a problem using simple packing for fields containing grid point values
within very large range. That will be the case with chemicals and aerosol fields. The Meeting agreed
for a new template, which can be used in such cases as listed in Annex to this paragraph.

2.3 REPORT ON EXPERIMENTAL AND OPERATIONAL EXCHANGES OF FIELDS IN GRIB2

2.3.1 ECMWEF has been progressing with the GRIB2 definitions for most of the TIGGE parameters
and has created a web site containing sample encodings:

http://tigge.ecmwif.int/tigge/d/show archive/table=parameters/

2.3.2 Use of GRIB2 in the USA

Mr Jeff Ator reported to the group that the use of GRIB2 within the U.S.A. has expanded
considerably since June 2004. At that time, NCEP was providing half-degree output from its global
model to the U.S. Air Force Weather Agency (AFWA) using GRIB2. Now, NCEP also provides
output from both its global and mesoscale models to the U.S. National Weather Service (NWS) on
the NOAAPORT satellite system. These GRIB2 products are at the highest spatial resolutions
available from these models and will be utilized within the NWS as a replacement for the older, lower
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resolution GRIB1 products in the near future. In addition, GRIB2 products from NCEP's ocean
models are also expected to become available beginning in late 2006.

In June 2006, NCEP is planning to begin a transition to GRIB2 for all of its GRIB1 content on the
NCEP and NWS public ftp servers. For all of its existing GRIB1 public products, NCEP will make
available both a GRIB1 and GRIB2 formatted set of products for a minimum of six months. During
this time users will be encouraged to migrate to the GRIB2 products. After the six-month transition
period, all GRIB1 format products will be removed from the public servers. To help facilitate users’
migrations, NCEP has made available its GRIB2 software and libraries (including a routine to easily
convert between the GRIB1 and GRIB2 formats) on its public web server.

2.3.3 Planned use of GRIB 2 in China

Ms Fang Zhao reported as for TIGGE, the Ensemble Prediction (EP) output and products of Beijing
2008 Olympics Mesoscale Ensemble Prediction Project (BO8RDP) would be collected, disseminated
and distributed in GRIB2 within CMA. The EP model output would have to be interpolated into
regular latitude/longitude grid fields specified by CMA (domain, resolution, etc). One GRIB2
message file contains one EPS member output, with 6 parameters and every 3 hour output from
0~36 hour. The NCEP decoding/encoding software of GRIB2 was downloaded and studied. The
EPS model output of CMA has already been encoded/decoded in GRIB2 using NCEP software and
are available for experimentally exchange. Ms Fang Zhao reported difficulties because there was
little experience in using GRIB2, especially for the metadata definition for ensemble data and that
clear guidelines would be needed to explain how all BOBRDP fields should be coded in GRIB2.
Furthermore, the existing data analysis and visualization tools have to be developed to handle
GRIB2.

The Meeting encouraged China for this endeavor and recommended that there was indeed a need to
review the GRIB 2 guide and in particular to explain how to deal with ensemble data.

3. BUFR AND CREX
3.1 REVIEW OF ENTRIES AWAITING VALIDATION FOR BECOMING PRE-OPERATIONAL

3.1.1 The Team considered the present list of Table entries awaiting validation. It was considered
that the descriptors for regional practices, including nominal value indicator 0 08 083, as well as for
SIGMET representation could be considered as pre-operational. The VOS observation descriptors
and for radiation will remain for validation. The remaining entries for validation are listed in Annex to
this paragraph.

3.1.2 The final proposal for SIGMET transmission in BUFR, as in Annex to this paragraph was
declared pre-operational.

3.2 NEW DESCRIPTORS FOR AIR CHEMISTRY

3.2.1 The Team considered the second phase of the proposal submitted by Yves Pelletier and
Yves Rochon from Canada, from ECMWF and from USA. The proposal intends to provide a
framework suitable for the reporting and forecasting of atmospheric constituents in disciplines related
to Atmospheric Chemistry. This was initially in response to observational data representation
requirements expressed by the Canadian research community, but there were shows of interest from
ECMWEF, the US NWS and others. The aim was to help meet similar needs in the international
community, as described in the 2004 IGACO theme team report. It was also foreseen a need for the
exchange of data in an emerging international population of atmospheric chemistry prediction
models.



Scope of this proposal

There was a lot of ground to cover in order to produce a comprehensive depiction of atmospheric
chemistry concepts in BUFR. It seemed prudent, then, not to try to do it all at once. A firm base
should be established and validated before building toward more complex themes. The first phase
contained proposals toward the following topics:

e The cataloguing of chemical species

e Descriptors for basic quantities or physical attributes in the discipline of Atmospheric
Chemistry

e Basic descriptor sequences

This proposal expands on the initial topics and adds the following:

¢ Representation of more complex species, such as particulate matter
¢ Representation of averaging kernels and correlation matrices
e Further elements in the discussion on floating point data representation

Approaches to satisfy precision requirements

3.2.1.1 The absolute values and precision required for some measurement types (i.e. concentration)
span across at least 16 decimal orders of magnitude with different chemical species covering very
different dynamical ranges. This means that a concentration descriptor meant for general use for
any chemical would need to be at least 54 bits wide. For individual species, the required width could
in some cases exceed 32 bits.

Out of the five solutions proposed to the meeting, two options were chosen for closer examination.

Option (i): adding an IEEE floating point Data Description Operator, was discussed in considerable
detail during the plenary session. The meeting acknowledged the importance of providing the
atmospheric chemistry community with a BUFR framework that met its requirements. However, it
was felt that the repercussions on existing software of adding a new IEEE data operator were too
considerable to go ahead within the scope of the current BUFR edition. There was agreement to
examine options for including IEEE representation in the next BUFR edition.

Option (ii): as a means to provide functionality to represent wide numerical dynamic ranges within the
current BUFR edition, the Team agreed to this solution: a new element descriptor, 0 08 090), named
“decimal scale” is defined. This 8-bit wide descriptor will be used to set a decimal scale applying to
one or more subsequent numerical element descriptors. The eight bits allocated to the scale
descriptor cover the range from 107% to 10'%, with the value -127 (all ones) being reserved to cancel
the decimal scale descriptor. This provides the same dynamic range as 32-bit IEEE.

To implement this approach, descriptors requiring a large dynamic range, such as concentration or
mixing ratio, will contain a scaled value of the measurement. The actual value will be obtained at the
application level by multiplying the scaled value by the decimal scale given by descriptor 0 08 090
(scaled value * 10%c™malscaley - The BUFR sub-group provisionally allocated 10 bits to the scaled value
descriptors, which is sufficient to achieve four significant digits precision. The scientific community
will be consulted to determine if this meets precision requirements for scaled values. By way of
comparison, a scaled, signed value of 24 bits would achieve nearly 7 significant digits, providing the
same precision as 32-bit IEEE.

Averaging Kernel and Covariance Matrix Representation

3.2.1.2 The Team considered the representation of matrices in BUFR. The approach proposed is
accepted as an initial idea but there are other possibilities to be explored. The optimal structure of
matrix templates will depend to some extent on the variability of the dimensions of the matrices to be
exchanged. This requirement is yet to be fully determined. The requested new descriptors for matrix
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representation were accepted for validation, and two new descriptors were added for matrix
dimensions. The sub-group agreed that suggested templates for the representation of matrices
should be developed to assist users with this type of data representation need. It was noted that the
matrix representation being requested is not strictly speaking an atmospheric chemistry requirement,
but rather an application of more general data assimilation principles.

Representation of Particulate Matter

3.2.1.3 The initial proposal made possible a simple representation of particulate matter, by using size
as the only characterization of a PM population. In this way it was possible, for instance, to treat
“PM < 2.5” as a generic chemical species in table 0 08 043.

The problem to be resolved is how to associate an ion species to the volumetric mass measurement
for a PM population under a given size. There are two ways to do this in the framework of the
updated proposal : one could add one new significance qualifier and associated table to represent
the various ions, or add entries to table 008 043. The Meeting recommended using a new
significance qualifier. Therefore a descriptor 0 08 045 “Particulate matter characterization” was
defined (for validation). This element descriptor is a code table that can be used to specify a subset
of a particulate matter population on the basis of ion composition.

Descriptors for the representation of atmospheric constituents

3.2.1.4 Most of the discussion regarding specific descriptors took place at the Muscat meeting, so
there were few comments at the Montreal meeting. One question was raised regarding descriptor
0 20 080, which expresses cloud amounts in percentage intervals. The meeting requested ECMWF
to clarify whether the cloud amount could be expressed directly in percentage.

3.2.1.5 The Team agreed that the descriptors as listed in Annex to this paragraph would remain for
validation. However the Team recommended that this should be undertaken rapidly since the
demand for encoding this data was starting with modelling of atmospheric chemistry and air quality.

3.2.2 Following a request in 2005 for encoding concentration of pollutant, the corresponding
descriptor (see Annex to this paragraph) was declared pre-operational.

3.3 REQUIREMENTS FOR GTS DISTRIBUTION OF OCEAN DATA

3.3.1  The Secretariat reported that the JCOMM Ship Observations Team (SOT) is working on the
issue of data in BUFR format and is presently considering a large number of requirements.

Proposals for new SHIP (VOS and VOSCIim), XBT/XCTD, and TRACKOB templates are being
defined and will eventually be proposed. The following requirements are being considered:
Requirements for the GODAE High Resolution SST Pilot Project (GHRSST)

VOSCIlim requirements (metadata and quality information flags)

META-T Pilot Project (metadata of category 1 required for real-time exchange)

XBT/XCTD requirements

Consistency between templates XBT/XCTD and Argo templates (both providing sub-surface
temperature profiles)

Consistency between VOS and TRACKOB

Consistency between all ship templates as far as metadata

3.3.2 Only the requirements for the GHRSST were proposed at this meeting. The GHRSST
requires the GTS distribution of SST temperature type/method of measurement as well as the depth
of measurement below the sea surface. As the VOS SHIP template will completely be redefined, it is
not proposed to substantially change it now. Only the following modifications related to (i) B/C10 —
Regulations for reporting SHIP data in TDCF — and (ii) to the BUFR template for synoptic reports
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from sea stations suitable for VOS observation data are being proposed as pre-operational (see
Annex to this paragraph):

e New entries in code table 0 02 038 “Method of water temperature and/or salinity
measurement” to deal with additional methods such as infrared radiometer, in line
thermosalinograph, and towed body (see Annex part I).

e New descriptor 0 07 063 Depth below sea water surface (High resolution) to provide for
higher resolution of depth (scale=2, i.e. 1cm) (see Annex part Il)

¢ Change sequence 3 02 056 for adding descriptor 0 07 063 for indicating water temperature
depth see Annex part Ill). So the sequence 3 02 056 (comprised of 0 02 038 “Method of sea
surface temperature measurement” and 0 22 043 “Sea/water temperature”) in the templates
should be replaced by the new one.

3.3.3 The Meeting was informed that the JCOMM Data Management Coordination Group will
meet in Geneva, 2-4 October 2006. This group will discuss, in particular, what mechanisms could
be put in place to regularly review and update BUFR Master Table 10 for oceanographic data. Itis
also proposed to use the Master Table 10 as a Pilot Project for the real-time distribution of ship
data produced by SeaKeepers. GHRSST requirements will be taken into account in this Pilot
Project.

3.4 VARIOUS NEEDED ADDITIONS OR CORRECTIONS
3.4.1  Number for operational and pre-operational tables

For GRIB Master Table Version Number, the ET/DR&C in Oman noted that there were two problems
to be discussed:

a) Specifying pre-operational version number of GRIB Master Table, which virtually
contained pre-operational entries.
b) Necessity of implementation date for each operational version number.

The necessity of pre-operational version numbers was clear, because:

a) Actually, a lot of "pre-operational data and products" containing pre-operational
descriptors were exchanged internationally via the GTS or the Internet and exchange
of pre-operational data and products was officially permitted.

b) For archiving purpose, pre-operational data were exactly like operational ones, and
were expected to be declared fully operational at the next operational implementation
so the number of the version of the table should correspond to the next operational
version number. The Team agreed to this solution.

The ET/DR&C in Oman agreed that the system of table numbers defined for GRIB 2 was also
appropriate for BUFR.

The Team agreed to create entries in Class 0 as listed in Annex to this paragraph. These additions
will allow full exchange of Master Table in BUFR. The Octets description for Section 1 should also
be modified accordingly.

3.4.2 Additional entries for polar satellite data

Data from AMSU-A, MHS, HIRS, IASI, GRAS and ASCAT will be exchanged in BUFR when
available. In order to represent data from the new instruments, new BUFR element descriptors,
sequence descriptors, and code and flag table entries, proposed by Dr Simon Elliott from
EUMETSAT last year were reviewed after some refinements and were approved for pre-operational
status (see Annex to this paragraph).



3.4.3 Pre-operational entries of BUFR Tables D for new templates of RADOB, TRACKOB and
SAREP

At the previous meeting of the Expert Team on Data representation and Codes (ET-DR&C), held in
Muscat, Oman, from 5 to 8 December 2005, the table D descriptors for RADOB (part A), TRACKOB
and SAREP (part A) data in BUFR proposed by the Japan Meteorological Agency (JMA) were
approved for validation. Validation tests for these table D descriptors had been carried out by the
European Centre for Medium-range Weather Forecast (ECMWF) and JMA with sample BUFR data
produced by JMA. The result of the test showed that no problem was found in those descriptors.
The meeting recommended these descriptors (see Annex to this paragraph) for pre-operational
status with a view to submitting them to the next session of the Commission for Basic Systems
(CBS).

3.4.4 Additions in CREX for sea level data monitoring (Tsunami warning programme)

The ET-DR&C has been asked to provide guidance on encoding tide gauge data in CREX for
Tsunami warning purposes. A preliminary list of requirements and copies of some email exchanges
were supplied to the meeting. Further emails and documents were received following a meeting of
the ICG/PTWS and ICG/IOTWS in Melbourne between 01 May and 02 May 2006. One of these was
a revised list of requirements for the exchange of sea level data for Tsunami warning purposes. A
stated aim of the ICG/PTWS and ICG/IOTWS was to have a document ready for the ET-DR&C by
June 2006.

The specified requirements require some additional details before a CREX template can be
developed. In particular, the valid ranges and required resolution for many data elements are not
sufficiently well defined yet. The likely number of entries in m any code tables, needed to define the
data width, are also unclear.

The meeting recommended that Charles Sanders, Dr Eva Cervena and Atsushi Shimazaki contact
representatives of the ICG/PTWS and ICG/IOTWS to obtain the required additional information. The
aim will be to create a CREX template for the exchange of sea level data for tsunami warning
purposes by June 2006, ready for validation.

3.4.5 Other requested additions or modifications to the BUFR/CREX table
3.4.5.1 AWS BUFR representation of nominal values

The Team appreciated the work carried out by Milan Dragosavac to represent the nominal value in
BUFR. BUFR format already contains a mechanism to represent quality control, first order statistics,
departures, replaced/retained values and substituted values. The usage is defined by selection of
the appropriate BUFR Table C operators. It has to be stressed that although CREX is very similar to
BUFR, it does not support representation of those features. The proposed descriptor (declared
preoperational) allows reporting of Level Il data (meteorological parameters, nominal values) in
addition to Level | data (instrument values) in BUFR templates for surface observation data,
especially for data from Automatic Weather Stations. In the Annex to this paragraph the descriptor
needed and the way of representing nominal value are described. The proposed solution is fully
universal and is capable of representing nominal value regardless of the number of elements for
which the nominal values are required. According to the proposed method the representative
heights of sensors as well as the nominal values will be reported as substituted values.

3.4.5.2 Proposal for miscellaneous additions and corrections in BUFR/CREX Table B

During the process of writing Regulations for reporting TAC data in TDCF, Dr Eva Cervena identified
some points that would need clarification. The proposals for miscellaneous corrections and additions
to existing BUFR/CREX descriptors (see Annex to this paragraph) were agreed by the Team and
were to be treated as editorial.



3.4.5.3 New Descriptors for GHRSST data

The Global Ocean Data Assimilation Experiment (GODAE) high-resolution sea surface temperature
pilot project (GHRSST-PP) provides a new generation of global high-resolution (<10km) SST data
products to the operational oceanographic, meteorological, climate and general scientific community,
in near real time and delayed mode. The project involves a wide range of international participants
who have invested a great deal in delivering high quality SST products. There is a requirement to
exchange GHRSST data between operational centers in a WMO standard format. Although the
GHRSST standard product is delivered in NetCDF, and is being converted to BUFR at the U.K. Met
Office for operational use, UKMO indicated that this necessitated the use of suitable descriptors for
the exchange of this data. A set of requested descriptors and codes and flag tables is listed in Annex
to this paragraph. The Team considered that this proposal needed some refinements to be given
entries for validation, for example: it was suggested to use 2 25 operator for difference. Some
abbreviations need explanation. Tables 2, 3 and 4 need to be presented in a manner according to
BUFR standard (include extra bits for All missing, reorder from 1 to 9, remove GHRSST column). It
recommended making a review by email within the Expert Team.

3.4.5.4 Requirements for Data from Automatic Weather Stations

During the session of the Expert Team on Requirements for Data from Automatic Weather Stations
(ET-AWS) which was held in Geneva from 20 to 24 March 2006, the representative of EUMETNET
pointed out problems that would arise in the generation of BUFR messages from some NMSs, due
to the existence of different WMO BUFR templates, in particular: AWS BUFR template for one hour
and SYNOP BUFR template. No guidance has been provided as to which WMO BUFR template
should be used. Therefore, this could lead to difficulties and/or delays in migration to TDCF. The
representative of EUMETNET presented a proposal for a BUFR template, blending the current
AWS and SYNOP BUFR templates (see Annex to this paragraph). The Meeting considered that
this template needed review and Dr Eva Cervena accepted to contact the producers of this
template to fix with them the points needing improvements.

The Meeting recognized that there was a recommended set of templates to convert traditional
observations into BUFR. These templates were recommended but not mandatory. What was
mandatory was the set of essential parameters, which must be exchanged between countries.
BUFR allows some flexibility by definition. The Meeting accepted the possibility of different
templates, but warned that a proliferation of such templates should not be a good idea, although
BUFR decoders will be able to extract fully the required parameters for the applications.

The Meeting noted that the proposal of two new descriptors needed some refinements to be
accepted for validation. In particular, the proposal of the Quality control indicator might be
reconsidered. The Meeting recommended making a review by e-mail between the ET-AWS and ET-
DR&C.
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4, MODIFICATIONS TO AVIATION CODES
4.1 NEW MODIFICATIONS TO AERONAUTICAL CODES

4.1.1 ICAO proposals for changes to the aeronautical codes for METAR (FM 15), SPECI (FM 16)
and TAF (FM 51)

Proposed changes to the aeronautical codes for METAR (FM 15), SPECI (FM 16) and TAF (FM 51)
were presented by ICAO (see Annex to this paragraph). These were given as advanced notice of
the most likely changes to the requirements. These proposals were consequential to draft
Amendment 74 to ICAO Annex 3/WMO Technical Regulations [C.3.1], which were subject to
consultation with States and, if adopted by the ICAO Council, will become applicable on
7 November 2007. These changes include the elimination of the use of SKC and the separation of
present weather elements into groups with and without a requirement to report or forecast a change
in intensity. These changes concern both observations and forecasts. A significant change is made
in TAF for the introduction of TAF covering a 30-hour period. All time groups, including those for
change groups will require the date and time (as opposed to simply the time in the current table).
Additional changes to the notes in the Manual on Codes (WMO No. 306) are also suggested in line
with the proposed changes to the requirements in Annex 3/Technical Regulations [C.3.1]. It is also
suggested, that references to national practices be not included in the notes to avoid the potential for
misunderstanding bearing in mind that such practices are filed as differences to the international
requirements and covered in the part related to national practices. The Team had no objection to
these proposals with the exception that the Czech Republic objected to the change of encoding
runway designator in the State of runway group (RsrRr to RDgrDg). If this change were to be
implemented, however, it should be reflected not only in the Code Form, but also in Regulations
15.13, 15.13.6 and 15.13.6.1, which should be modified accordingly. The rest of the Team
recommended the changes to the aeronautical codes for METAR (FM 15), SPECI (FM 16) and TAF
(FM 51) for CBS endorsement in November 2006. The planned date for implementation is 7
November 2007. ICAOQ indicated that countries are being consulted for these changes on the ICAO
side and that the Air Navigation Commission will review the results of the consultation before the end
of October.

During the last meeting of the ET/DR&C in Oman, last year, Mr Charles Sanders (Australia) reported
that he had compared the definitions of METAR, SPECI and TAF in the ICAO documentation (Annex
3 to the Convention on International Civil Aviation) and the definitions of the same codes forms in the
WMO documentation (WMO publication 306, Manual on Codes). Several differences were noticed.
Of particular concern, the TAF code form did not correspond to the TAF template in Annexe 3. The
meeting decided not to change the codes manual at the next possible date (November 2006), but to
combine the corrections with those required for Amendment 74 of Annexe 3, to become applicable in
November 2007. The proposed amendments to Volume 1.1 are contained in the appendix to this
paragraph.

4.1.2 Proposed changes to SIGMET

Draft Amendment 74 to Annex 3/WMO Technical Regulations C.3.1 also contains proposals to
change the requirements for SIGMET which would influence the code tables for representation of
SIGMET in BUFR being created by the group. Some details concerning the description of the
geographical position of hazardous phenomena are proposed to be added or modified and perhaps
the most significant is the deletion of the outlook in SIGMET for volcanic ash and tropical cyclones.
The proposed changes are shown in Annex to this paragraph and would have to be included for
operational implementation on 7 November 2007.

4.1.3 Requirement to develop the GRIB2 Code Form

It is expected that a requirement will be developed for forecasts of icing, turbulence and convective
cloud for issuance by the two World Area Forecast Centres (WAFC) which would require the use of
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GRIB2 in this respect as no additional elements are possible in GRIB1. This requirement would be
expected to become applicable in November 2010. The Team noted that the use of GRIB 1 for the
user of aviation products should be extended to November 2010, because necessary equipment and
software for GRIB 2 will not be available in all countries by November 2008.

4.2 IMPLEMENTATION CALENDAR FOR CHANGES TO AERONAUTICAL CODES

In the last Meeting in Oman the WMO Secretariat pointed to the Team that the biennial regular
sessions of CBS imposed constraints on the dates where changes to aeronautical codes (FM 15
METAR/SPECI AND FM 51 TAF) could be implemented. The Team agreed that there was a need of
respecting an agreed calendar and that the adaptation of ICAO of this calendar for the changes to
codes was imperative. The WMO systems were more and more automated and sufficient delay
were required to plan the related software changes, the development and testing. The planned
dates for approval of code changes and implementation for the next 4 years are listed in Annex to
this paragraph.

The Team, together with the representatives of the ICAO Secretariat, strongly recommended to CBS,
CAeM and ICAO to ensure the coordination of dates of implementation by WMO of code changes
with the dates of implementation of amendments to Annex 3/WMO Technical Regulations C.3.1.

4.3 REPORTING CLOUDS OF OPERATIONAL SIGNIFICANCE IN METAR AND SPECI

Dr Eva Cervena pointed to the Team that the reporting of clouds is specified in Annex 3 to the
Convention on International Civil Aviation [1], Chapter 4, as follows:

4.6.5.1 Cloud amount, cloud type and height of cloud base shall be observed, and reported
as necessary to describe the clouds of operational significance. When the sky is ...

In Manual on Codes, WMO-No. 306, Volume 1.1 [2], on the other hand, there is no regulation that
would indicate that only clouds of operational significance should be reported. Reporting practices
with regard to cloudiness therefore differ if either the specification in [1] or in [2] is considered as
relevant. The Team agreed to propose to modify Regulation 15.9.1.1 in the Manual on Codes,
WMO-No. 306, Volume 1.1 in such a way that the existing text of this regulation would be preceded
by the first sentence of Regulation 4.6.5.1 [1] (see Annex to this paragraph).

44 REPORTING CUMULONIMBUS CLOUDS IN METAR AND SYNOP AND TOWERING
CUMULUS CLOUDS IN SYNOP

i). Reporting Cumulonimbus clouds in METAR and SYNORP if a thunderstorm is in progress

The Team considered that to solve the above problem a proposal should come from a country
through ICAO and that it was to the AMOS study group to formulate first the requirement for change
in METAR.

The Team considered that the problem has inter-OPAG or even inter-Commission character and
should be dealt with by CBS/IOS, CIMO or CAeM experts rather than by CBS/ISS/ET-DR&C
experts.

ii) Reporting Towering Cumulus clouds in SYNOP

The Meeting was informed also about the problem of observed less than 3 octas of towering
Cumulus, which cannot be reported in SYNOP according to the present regulation.
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5. MANUAL ON CODES IN RELATION TO MIGRATION TO TABLE DRIVEN CODE FORMS

51 PROPOSED OBSERVATIONS REPORTING PRACTICES FOR TDCF IN MANUAL ON
CODES

A proposed set of regulations for reporting TAC data in BUFR or CREX, developed by Dr Eva
Cervena was reviewed by the Meeting. The Meeting recommended they be finalized for the OPAG-
ISS meeting in September 2006 and proposed for inclusion in the Manual on Codes. The Meeting
also recommended they be placed on the WMO web site. The list of regulations is below and is
contained in full in the Appendix to the final Report.

B/C1 - Regulations for reporting SYNOP data in TDCF,

B/C5 — Regulations for reporting SYNOP MOBIL data in TDCF,

B/C10 — Regulations for reporting SHIP data in TDCF,

B/C20 — Regulations for reporting PILOT, PILOT SHIP and PILOT MOBIL data in TDCF,
B/C25 — Regulations for reporting TEMP, TEMP SHIP and TEMP MOBIL data in TDCF,
B/C26 — Regulations for reporting TEMP DROP data in TDCF,

B/C35 — Regulations for reporting CLIMAT TEMP and CLIMAT TEMP SHIP data in TDCF.

The Meeting wished to thank Dr. Cervena for her excellent work. The Meeting also wished to thank
Ms. Sibylle Krebber (Germany) and Mr. Jan Willem Noteboom (Netherlands) for their contributions.
(Action: volunteers to verify regulations of one type before September)

5.2 PROPOSAL FOR COVERAGE OF REGIONAL REPORTING PRACTICES IN BUFR
TEMPLATES FOR TAC

The Meeting reviewed proposed BUFR TEMP and TEMP SHIP templates for regional reporting
practices submitted by Dr. Eva Cervena. No corrective comments or alternative suggestions have
been made. Three new descriptors were added to the original proposal presented at the December
2005 ET-DRC meeting held in Oman. Besides that, representation of doubtful temperature and
geopotential data has been rewritten using significance qualifier 0 08 040 (see Annex to this
paragraph).

It was suggested by the Meeting that these templates should be reviewed and approved by Regional
Associations to be included in Volume Il of the Manual on Codes.

5.3 PROCEDURAL ISSUES FOR NATIONAL PRACTICES

Representing national practices in TDCF had been considered a procedural issue. The Meeting
discussed this further and provides the following guidance for reporting national practices and for
“additional data” as defined in Resolution 40.

The Meeting noted that normally data related to national practices were not exchanged
internationally. The Meeting determined it was not necessary to develop templates for all countries’
national practices and that it was the responsibility of individual countries to do so as their needs
warranted. The Meeting decided only regional practices should be in recorded templates. The
Meeting wished to point out these data could also be put in separate BUFR messages for exchange.
Another approach is to use local descriptors in conjunction with operator 2 06 yyy.

5.3.1 Procedural issues for national reporting practices

a) Coverage of national reporting practices published in the Manual on Codes, Volume Il shall
be the responsibility of the NMS concerned.

b) Members of the Meeting shall provide advice and suggestions for solving the actual
problems, especially to national focal point on code matters.
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c) Representation of national procedures may be accomplished by supplementing the existing
global or regional BUFR templates by relevant additions, using the entries available in the
international portion of BUFR Tables.

d) A regional BUFR template, ifavailable, shall not be mandatory for Member States of the
particular Region. Either the global template for the TAC data type or any of the regional
templates, whichever is the most convenient, may be used.

e) Forinternational exchange, local descriptors shall be preceded by an operator 2 06 Y.

f) Data, corresponding to the content of national sections in TAC (e.g. Section 5 of SYNOP),
shall not be included in BUFR messages for international exchange.

g) If required for the exchange by regional or bilateral arrangements, the complete extent of
data, including representation of national sections in TAC, may be included in additional
bulletins. These BUFR messages shall be disseminated with limited distribution only.

5.3.2 “Additional data” as defined in Resolution 40 (Cg-XII)

Manual on the GTS, WMO-No0.386, Volume |, paragraph 2.3.2.1, the part related to ii specifies
selection of ii for “additional” data as defined in Resolution 40 (Cg-XII):

Bulletins containing “additional” data as defined in Resolution 40 (Cg-Xll) shall be compiled
into bulletins with ii above 19. This does not apply to bulletins compiled in BUFR or CREX
code.

The difference between “essential” and “additional” data may be also accomplished by usage of
additional CCCCs in the telecommunication header. In case of TAC data, however, “ii” is the
prevailingly used tool for differentiating between these two types of data as defined in Resolution 40
(Cg-XIl). Even though unique WMO headings can be given to bulletins containing “additional” data,
the absence of a corresponding designation of ii usage for TDCF might be perceived as a negative

feature in regard to migration to TDCF.

The Meeting recommended the ET-OI reviews this situation and that the Manual on the GTS,
WMO-No0.386, be updated to specify usage of ii for designation of "additional" data as defined in
Resolution 40 (Cg-XIll) not only for bulletins compiled in traditional alphanumeric codes, but also for
bulletins compiled in GRIB, BUFR or CREX code.

5.4 REVIEW NEEDED TEMPLATES AND COMMON SEQUENCES

5.4.1 All the templates for the following observations in BUFR/CREX have been satisfactorily
encoded and decoded by Japan and ECMWF and can be declared pre-operational:

B/C1 — Regulations for reporting SYNOP data in TDCF,

B/C5 — Regulations for reporting SYNOP MOBIL data in TDCF,

B/C10 — Regulations for reporting SHIP data in TDCF,

B/C20 — Regulations for reporting PILOT, PILOT SHIP and PILOT MOBIL data in TDCF,
B/C25 — Regulations for reporting TEMP, TEMP SHIP and TEMP MOBIL data in TDCF,
B/C26 — Regulations for reporting TEMP DROP data in TDCF,

5.4.2 Proposal for modification to BUFR template for CLIMAT TEMP and CLIMAT TEMP SHIP
data.

The Meeting reviewed a revised version of BUFR template TM 309054 for CLIMAT TEMP and
CLIMAT TEMP SHIP data submitted by Eva Cervena (Czech Republic) and recommended adoption
of the proposal. The regulatory material B/C35 (Regulations for reporting CLIMAT TEMP and
CLIMAT TEMP SHIP data in TDCF) contains the revised version of the BUFR template TM 309054
as shown in the Annex to this paragraph.
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5.4.3 Proposed BUFR template for buoy wave data

The Meeting reviewed the proposed descriptors for BUFR template for buoy wave data (to translate
WAVEOB in BUFR) and accepted the new attributed sequence number (see Annex to this
paragraph). However, since the proposal has not yet been used or tested it should remain “ for
validation status”.

5.4.4 Proposed BUFR template for High Resolution_ Radiosonde data

The Meeting reviewed the template for representation of high-resolution_radiosonde data requested
by the Upper-air systems Intercomparison Team. This template would be used by manufacturers for
production of BUFR information at the observation platform system. The Meeting studied this
template and made the comments as listed in Annex to this paragraph.

55 REVIEW METAR/SPECI/TAF TEMPLATES AND RELATED BUFR SEQUENCES AND
PARAMETERS

The Meeting reviewed the METAR/SPECI/TAF templates and related BUFR sequences and
parameters (see Annex to this paragraph) submitted by Charles Sanders (Australia) with major
contributions from Eva Cervena with a view to submit it to the OPAG on ISS in September for further
approval by CBS Ext. 2006, since operational exchanges by bi-lateral agreement could take place
from 7 November 2007.

It was noted that the current table D descriptors do not allow all possible aviation aerodrome
forecasts to be encoded. New descriptors were proposed for this purpose, together with suggested
TAF and METAR templates. The old Table D sequences in the BUFR Manual should be
deprecated. The Meeting also stressed that regulations, as well as for the other WMO TAC
converted to BUFR/CREX, regulations would have to be developed.

6. REVIEW STATUS OF MIGRATION
6.1 INFORMATION SHARING

Information of the status of the migration in different countries, regions and organizations was shared
between the experts.

6.1.1 Some information available at the WMO Secretariat was shown. The Secretariat posts and
maintains lists of BUFR and CREX bulletins (excluding radar and satellite data) included in the
Volume C1 which are relevant to the migration on its web server. This URL is:
http://www.wmo.int/web/www/ois/Operational _Information/TDCF/Migration_tdcf.html#Table%20C7

BUFR Bulletins are listed only from Hong-Kong, Prague and Tokyo. CREX Bulletins are listed only
from Nadi (Fiji) and Prague. The Meeting noted that these tables needed significant updating. There
were many more bulletins exchanged in BUFR than what was included in the tables. The Meeting
repeated that Countries creating new BUFR bulletins should inform the Secretariat of new bulletins
made available on the GTS.

The Secretariat informed that when information was sent to hundred focal points for code matters
last year, simple questions regarding the migration were included. However, only few answered
(Argentina, Nepal, Norway and Pakistan). The Secretariat mentioned also that there was information
that Brazil and Costa Rica were working on the preparation for Migration.

The Meeting concluded that passing more Information about the Migration to all WMO PRs was a
necessity. A circular letter with appropriate documentation should be sent. Another questionnaire
should be dispatched. More consideration of the subject in constituent body meetings (JCOMM,;
CCl, AeM, CBS; EC and Congress) would be necessary. Associating RTH focal points for the
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dissemination of information on migration was also a necessity. The Meeting recommended that the
last up to date status information on the migration should be given at the next CBS in November
2006.

6.1.2 Fred Branski provided the following information regarding the migration to table driven code
forms.

6.1.2.1 U.S. planning:

The three main agencies in the U.S. involved in Code migration are the National Weather Service
(NWS), the Federal Aviation Administration (FAA) and the Department of Defense (DOD). There are
several others agencies that are significantly less impacted by code migration. In the U.S. the Office
of the Federal Coordinator for Meteorology (OFCM) is the government organization responsible for
inter-agency planning and coordination. This organization has a Committee for Environmental
Information Systems and Communications (CEISC) under which is the Working Group for
Meteorological Codes (WGMC). The WGMC is tasked with developing the U.S. National Plan for
Code Migration. There has been discussion of needs during several meetings or teleconferences.
Following is a summary of work so far.

BUFR data availability

Limited BUFR is available on the RTH Washington servers. More but not all are exchanged across
communication lines including the GTS. This is primarily due to delay in implementation of the
Replacement Telecommunication Gateway (RTG). Once the RTG reaches its initial operational
capability (IOC), the RTH will undertake to expand availability of BUFR data via all exchange
mechanisms. |OC is expected in the next few months. The intent is to make all received BUFR data
available on the servers, to further increase production of translated data within the RTH and to
expand distribution of BUFR via communications systems.

U.S. National Code Migration Plan

The CEISC and WGMC have considered the international Migration Plan. It should be noted these
groups are also looking at the transition from GRIB1 to GRIB2.

GRIB: It was agreed there is a need to identify sources where GRIB is obtained from such as other
international centres. This was critical so planning could be done based on plans for all sources of
GRIB data.

The FAA provided insight into aviation use of GRIB. There are 3 areas, which use GRIB: the FAA as
a whole, the airlines, and the WAFS (e.g., workstations). The National Weather Service’ Aviation
Weather Center is already transitioning to GRIB2 and as such most FAA internal needs such as at
Central Flow Control can handle GRIB2. However, there are still legacy systems in the regional Air
Route Traffic Control Centers (ARTCC) and some other places that depend on WAFS and other
GRIB1 products. It needs to be further evaluated when they would be able to transition to GRIB2.
The second area is the airlines and their access/use of GRIB. The FAA needs to better understand
the airlines use of the data. It is believed they will most likely be able to handle GRIB2 but they will
also need to be further evaluated. Finally, there is the WAFS itself. Most WAFS workstations are
believed to be GRIB2 capable. Work is underway to determine the capability of WAFS workstations
for, GRIB2, and BUFR.

For the DOD, there are two issues, the production of DOD products and the ingest and use of data
from other producers. The Air Force Weather Agency (AFWA) and U.S. Army have systems which
produce their own models and grids. There are no plans at this time for changing these systems.
This will need to be evaluated in the future. AFWA uses both the NCEP GFS and NOGAPS models
in GRIB1. The DOD is working to identify any dependency on GRIB1 with a characterization on how
long that dependency will last.
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The NWS is moving forward quickly with its transition to GRIB2. NWS Forecast Office software is
being upgraded to handle GRIB2. Within this year, NCEP will be generating all non-aviation
products in GRIB2. Where needed, these products will be converted to GRIB1 at RTH Washington
for dissemination. Both product sets will be available on the GTS, but we will only disseminate those
GRIB1 products for which there is a stated need. This dual dissemination will be done for a limited
time

BUFR: There is still much coordination and planning to do for the migration to BUFR.

The FAA has said they will meet any international requirements approved through ICAO. Because of
the extensive number of legacy systems, they believe the main methodology will consist of
conversion of the code forms especially for international dissemination. There is a new national
aviation plan under development and it is planned to tackle BUFR migration within this plan.

The DOD stated their systems should be able to handle BUFR data. They are not yet planning to
encode data they originate into BUFR.

NWS forecast offices have limited ability to decode BUFR data today. They currently utilize
TEMP/PILOT, aircraft reports and satellite data in BUFR format. Expanding the capability to other
formats is only just beginning.

Other agency considerations: Other U.S. agencies also are impacted by migration but to a
significantly lesser extent. The National Environmental Satellite Data and Information Service
(NESDIS) provides much if not most of its data in BUFR. The Environmental Protection Agency
(EPA) produces ozone observation in BUFR. Many mesonet systems operated by federal or state
agencies are using or planning to use BUFR. NASA and other agencies also have some experience
with BUFR. The OFCM is working to evaluate impacts to and provide coordination with these other
agencies. It is not anticipated this will be a serious problem and any problems identified will be able
to be resolved through the main migration evolution.

Commercial organization considerations: There are three areas of concern here. They are the
production of data primarily affecting hydrometeorological equipment manufacturers, decoding and
display of data in workstations and other user interface systems affecting mainly the manufacturers
of these systems and lastly weather service providers who have the same issues as government
weather services and which include decode, manipulation and encoding of data and products.
Generally, it is believed the commercial sector is able to adapt to migration in a timelier manner as
long as there is economic incentive.

Summary:

Although there are significant existing capabilities in place to support migration, there is considerable
work and coordination yet to be done. This work needs to be captured into a National Plan and
implementation coordination methods better organized. The CEISC and WGMC groups are
continuing their work with the aim of having plans in draft form by the end of the year (Fred Branski
and Jeff Ator are responsible for that).

6.1.2.2 RA-IV considerations:

The makeup of RA-IV makes resolution of U.S. migration approaches critical to developing a regional
plan. WMC Washington and MSC (Canada) operate the two major NWP Centres and provide most
of the observational data in the region. However, there are many other observations available from
other countries in the region are they also have a growing need to process regional and extra-
regional data sets. The RMTN in RA-IV is primarily implemented via a satellite based distribution
system. The workstations in use within the region are BUFR capable and limited data is being
exchanged today. BUFR encoded radiosonde data is being sent on the RMTN with some
exploratory use other than in Canada and the U.S. Dr Eva Cervena indicated that Mexico had tested
with her SYNOP, TEMP, CLIMAT and CLIMAT TEMP data encoded in BUFR.
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RA-IV is discussing a Migration Implementation Project, which may incur in conjunction with a pilot
project to upgrade communications in the southern area of RA-IV. Much work has yet to be done
including development of a regional plan.

6.1.3 Milan Dragosavac (ECMWF) provided information on the reception of BUFR data at ECMWF.
The start of the migration of observations from Migration Plan Category 1 observations for
operational exchange happened on the 1% November 2005. Japan, Czech Republic, Israel and
Netherlands have to be congratulated for their efforts to meet the target date and start the data
insertion on GTS. As it is seen from the global data coverage charts (see Annex to this paragraph),
only few countries started operational exchange of BUFR data.

The Meeting was informed that ECMWF BUFR and CREX software has been upgraded to handle
multi subset messages using different delayed replications. The software can be downloaded as
version 000300 from ECMWF web site:

http://www.ecmwf.int/products/data/software/

ECMWEF is also developing Java based API to view and create BUFR/CREX data which will be free
software as BUFR and CREX.

6.1.4 Information from CMA

6.1.4.1 Ms Fang Zhao from China Meteorological Administration gave information on the reception of
BUFR data from Japan Meteorological Agency at CMA (see Annex to this paragraph). RTH Beijing
begins to collect BUFR observations of JMA after they were operationally disseminated in November
2005. SYNOP, TEMP and SHIP data (all using WMO standard templates) were decoded
successfully. The following work is planned:

(1) The remnant BUFR messages would be decoded.

(2) The comparison of TAC and BUFR observation elements would be implemented.

(3) The BUFR messages (bulletins, reports and elements) would be stored in MDSS
(national Meteorological Data Storage System) of CMA.

6.1.4.2 Ms Fang Zhao reported also on the status of cloud-motion-winds data of FY-2C satellite
disseminated on GTS in BUFR. The cloud-motion-winds product of FY-2C satellite has been
encoded in BUFR and experimentally disseminated on GTS since November 2005. It is the first and
the only BUFR message created and distributed by CMA. The data are presently sent to Offenbach,
Tokyo, Ulan Bator, Seoul and Hong Kong (see Annex to this paragraph). The following next work is
planned:

(1) The quality control of the data would be studied and implemented.

(2) The template would be transferred to WMO standard template D310014, following

with quality control information when they are available.
(3) The data compression would be implemented to reduce the volume of the data.

6.1.4.3 Ms Fang Zhao informed the Meeting on the development of a National Migration Plan by
CMA (see Annex to this paragraph). She stressed that the Code Tables in the WMO web site should
be really up to date; that is absolutely needed to facilitate the development work for the migration
process. The difficulty in CMA is that the number of offices to be involved nationally for the migration
is huge. It is not foreseen to use CREX since most of the offices are or will be automated. CMA will
put SYNOP BUFR data on GTS in 2007 with the main WMO template.

6.1.5 Mr Jeff Ator form USA reported to the Meeting the status of the Radiosonde Replacement

System (RRS) program within the U.S.A. The Radiosonde Replacement System (RRS) program is a
nationwide effort within the U.S.A. to modernize its aging radiosonde observational infrastructure.
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The new system uses instruments with GPS transmitters and a state-of-the-art ground tracking
system to produce high-resolution vertical ascent profiles. More information may be found at:

http://www.nws.noaa.gov/ops2/ops24/rrs.htm as well as at:

http://www.ua.nws.noaa.gov/rrs overview.htm

The program recently completed a lengthy test and evaluation period and is now undergoing
systematic deployment at observing sites throughout the country. Eight sites are currently operating
using RRS, and the current schedule calls for one new site to be upgraded every 2 weeks until the
entire nationwide network has been fully replaced. Under RRS, the usual TEMP and PILOT
observations are being disseminated via GTS, albeit with a noticeable increase in the number of
significant levels reported in Parts B and D of these code forms. The high-resolution data is available
in BUFR format, using standard descriptors approved in recent years by WMO through the
ET/DR+C. The BUFR data is not yet being disseminated globally via GTS or otherwise, but plans
are underway for this to occur in the future. For now, interested users may obtain such data via ftp
from http://www1.ncdc.noaa.gov/pub/data/ua/RRS/NCEP/ in the form of .zip archives, where the
contents include the BUFR data as file “Bxxx”, and where “xxx” indicates the ascension number for
the current year (See Annex to this paragraph for sequences contained in the RRS BUFR report).

6.1.6 Dr Weiging Qu (Australia) reported on the operational dissemination of SYNOP bulletins for
Australia and Papua New Guinea. WMC Melbourne started operational dissemination of SYNOP
bulletins for Australia and Papua New Guinea on 4 May 2006. The product identification is given in
Annex to this paragraph.

6.1.7 Mr Waldenio Gambi de Almeida of CPTEC/INPE provided some information on
implementation of the migration to table driven code forms in Brazil. Brazil is currently working on a
national migration plan (see Annex to this paragraph).

6.1.8 Mr Jan Willem Noteboom from Netherlands reported on the current migration status at KNMI.

6.1.8.1 Since the CT-MTDCF meeting in Geneva in November 2005, there have been substantial
progress made in migrating of the KNMI infrastructure. Upgraded retrieval/usage and storage
systems are all in the acceptance phase. The production of radiosonde BUFR messages (TEMP)
still need some rework resulting from verification remarks by Eva Cervena. An upgrade of our
measurement network to include the production of BUFR synoptical messages (next to TACs
messages) has been delivered recently and is under testing. Also the compilation of BUFR
messages has been implemented but needs further testing. The start of operational exchange of
Category 1 messages is still planned for November 2006

6.1.8.2 Migration experiences gained:

A) During the implementation of migration at KNMI some experiences have been gained which are
worth to be shared:

e migration is more than just installing a BUFR encoder/decoder; integration of such tool in the
(operational) data processing chain of activities is the real challenge;

e migration is not translating TACs to BUFR messages;

e well-organized table & template & tooling management is crucial for operational exchange of
data;

e validation abilities for BUFR data are limited;

e reporting practices by Eva Cervena have been very useful;

e integration of ECMWF BUFR tooling can be problematic (Fortran). Alternative open source
up to date of encoding/decoding tooling (edition 3&4) in C or Java has not been found.

e one has

0 to ensure that new (development) projects comply with the migrated infrastructure;
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0 to cooperate with other NMCs as much as possible;
o0 to make sure that BUFR templates are sufficiently configurable within upgraded
production systems (templates tend to change frequently);
e frequent and adequate communication of the migration activities (internally & externally)
helps the migration acceptance;
o XML might be an attractive alternative but will not make things easier.

B) To establish TDCF migrated data dissemination, most NMSs need to upgrade their internal
data production infrastructure. To test the upgraded infrastructure, validation by one or more
receiving NMSs is in most cases required to ensure that the data can be decoded and that the
contents are correct. This way of working requires a person at the receiving NMS who has the time
and skills to perform such validation. Such practice works fine well when the amount of requests is
limited and sufficient (well-known) experts are available at various NMSes. To migrate to TDCF on a
worldwide scale, this kind of validation practice might be inadequate. Additional ways to validate
migrate data should be considered to facilitate the TDCF migration better. This expresses the need
for an automated centrally organized BUFR/CREX validation service accessible via internet (see
chapter 7.1.3).

6.2 REVIEW OF STATUS AND SCHEDULE REGARDING THE MIGRATION TO TABLE
DRIVEN CODE FORMS

6.2.1 There have been multiple discussions regarding updates to the Code Migration Schedule.
There have also been multiple efforts globally, regionally and nationally to identify current code
usage and future plans. These have pointed out the need for a status update.

SATOB Status: During the multi-lateral North American Europe Data Exchange Meeting held last
week discussions were held whether there is any further need for TAC encoded SATOB data. It was
felt there was no requirement within the major centres. However, there may be some use of the
data, which is still being disseminated. In particular, EUMETSAT felt it may still have some users,
especially in RA-I. In any case, the Meeting wished to stress to WMO members that SATOB
migration is scheduled to be complete by the end of 2006.

Designation of TAC codes as obsolete: The Meeting discussed this issue and considered that
Category 6 is currently defined as “almost obsolete”. It agreed to rename this category as “obsolete”
and add another footnote indicating they may be used for national purposes or by bilateral
agreement but will no longer be maintained by WMO as an active code.

The Meeting agreed that the use of a data format nationally or for bilaterally agreed purposes is
independent of WMO regulation or requirements. Additionally, the definition of a legacy data format
will be maintained indefinitely to satisfy decoding requirements for archived data sets

6.2.2 Aviation Migration Issues:

Migration Completion Date: There has been much discussion regarding when the aviation
community will be able to complete migration of aviation codes. Several dates have been discussed
beyond the current date of 2015. The Meeting considered this issue in coordination with ICAO and
agreed the date should be changed to 2016 to coincide with the scheduled implementation date of
ICAO Annex 3 8. ICAO agreed to provide correspondence indicating their concurrence.

GRIB1 to GRIB2: The original date for deprecating GRIB1 was 2008. It is widely accepted that
GRIB1 use for aviation will exceed this date. Several alternate dates have been expressed and
discussed in various venues but any approved change. These dates vary from 2010 to 2016. The
Meeting considered this in coordination with ICAO. The Meeting recognized ICAO was planning pre-
operational trials of some GRIB2 products beginning in 2007. The Meeting agreed the date for
completion of migration from GRIB1 to GRIB2 should be 2010 to coincide with the scheduled
implementation date of ICAO Annex 3.
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6.2.3 The updated Code Migration Schedule can be found in Annex to this paragraph.

6.3 REPRESENTATION OF PECULIAR BULLETINS AND REPORTS (NIL, COR, AMD, RTD)

The Meeting reviewed solutions to solve transmission of some peculiar reports in BUFR, in particular
the representation of NIL reports.

6.3.1 Corrected, Amended, Delayed and NIL Binary Bulletins

The CT had reviewed the regulations regarding representing corrected (CCx/COR), Amended
(AAX/AMD), Delayed (RRX/RTD) and NIL binary bulletins in the current GTS manual. For corrected,
amended and delayed bulletins the guidance seems to be clear. For NIL bulletins however, the
guidance is specific for alphanumeric bulletins and no mention of NIL exists for binary bulletins.
Therefore, when generating BUFR bulletins there is no clearly defined mechanism to indicate a NIL
report or NIL bulletin.

The Meeting reviewed the previous report from the CT-MTDCF meeting in Geneva (November 2005)
on NIL. The Meeting discussed the difficulties and various aspects and requirements for the Bulletin-
based monitoring and for the Report-based monitoring. It was identified that there was definitely a
need for the Bulletin-based monitoring to define a reporting practice for indicating an empty binary
bulletin. This was due to the fact that in WWW monitoring there was an important and traceable
technical difference between a NIL report, a NIL bulletin, and a missing bulletin.

The proposal for indicating a bulletin as NIL is:

(SOH)(CR)(CR)(LF) nnn
(CR)(CR)(LF) T1T,AAii CCCC YYGGgg BBB
(CR)(CR)(LF) NIL=
(CR)(CR)(LF)(ETX)

This solution was found consistent for the Bulletin-based monitoring and accepted. The Meeting has
agreed that this solution should be addressed to ET/OI and ET/WIS as the proposed solution for the
identification of a BUFR bulletin as NIL, and containing no reports. Regarding the handling of COR,
AMD and RTD qualifiers in GTS abbreviated headers, GTS provides optional BBB in the abbreviated
header to flag the corrected, amended and retard bulletin.

6.3.2 For the purpose of the Report-based monitoring the Meeting confirmed that marking all data
fields in a particular BUFR subset as Missing, except the WMO Station Identifier (identification of the
station or observing site) and the delayed replication factors, should be the solution used for making
a NIL report for a certain station. Then, within the monitoring, for identifying a NIL report, it will be
sufficient to determine the Station Identifier and then to recognize that the year & month are Missing
for that subset; the date and time of the NIL report should be evaluated from the Section 1.

The Meeting agreed that the proposal for both the Report and Bulletin NIL reporting should be
recommended to ET/OI and ET/WIS for an update to the Manual on the GTS 386, and for a
consideration to ICT/ISS and CBS in 2006, in order to enable a proper way of monitoring of BUFR
reports for AGM 2007.
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6.4 PROBLEMS SPECIFIC TO AVIATION

There is an especially strong requirement for OPMET data (METAR/SPECI and TAF), where COR,
AMD are elements of the current METAR/SPECI and or TAF code and should be included in the
BUFR templates. In the case of OPMET data (METAR/SPECI and TAF), NIL, which is an element of
the current TAC, should be included in the corresponding BUFR templates.

Units of measurement and their conversion: In general the ICAO was using non-standard units in the
METAR/SPECI and TAF codes. Further more; the usage of non-standard units at the airports was
widely spread. The ET/DR&C agreed that the BUFR system should be applications oriented to
favour the spread of its use. For that purpose users using non-standard units could be satisfied
when justified, however the ET had concerned that it might create instabilities in the BUFR
messages and Tables. Nevertheless, considering the importance for aviation applications, the
Meeting agreed to allow use of non-standard units as such, provided they were defined in Common
Table C-6. It recommended that a note be added in the BUFR regulations, which limit the use of
non-standard units in BUFR to aviation usage.

BUFR Tables for METAR/SPECI and TAF: The CT noted that draft Amendment 74 to Annex 3/WMO
Technical Regulations (C.3.1) contains a proposal to allow the bilateral exchange of OPMET data
using table-driven codes between States/Members in a position to do so. As a consequence of this
proposal it is vital that the BUFR code tables for METAR/SPECI and TAF are completed in time for
the proposed applicability date of November 2007.

At the request of ICAOQ, it was agreed that non-standard national practices should not be included the
BUFR templates for METAR/SPECI and TAF data.

6.5 QUESTIONS REGARDING TEMP and PILOT BUFR TEMPLATES

The Meeting discussed some issues brought forward by Dr Weiqing Qu (Australia) regarding how to
encode TEMP and PILOT BUFR Templates. Vertical profile data (TEMP and PILOT data) shall be
included in descending order with respect to pressure (ascending order with respect to height). Data
at each level shall be included only once. The multiple attributes shall be indicated by Extended
vertical sounding significance (Flag table 0 08 042) as specified in the relevant B/C Regulations.

However, if data are produced and collected in traditional codes and converted into BUFR or CREX
in the national centre, the order of levels may correspond to the order of levels in Parts A, B, C and
D. In this case, data at a level may be included more than once. This approach should be
considered as a temporary solution to speed up the migration process.

6.6 USE OF CREX

6.6.1 The Secretariat informed the Meeting, that West African countries were planning to use
CREX code for coding Squall Line information; squall lines are the most significant and important
meteorological phenomena in that part of the world. The proposed templates are listed in Annex to
this paragraph.

6.6.2 Questions regarding the coding in CREX of synoptic observations had been sent to the
Secretariat. The Meeting provided answers as listed in Annex to this paragraph. The Meeting also
recommended that examples of coded CREX messages be put into the WMO web site.

6.6.3 Plan for migration in Tanzania Meteorological Agency (TMA)

Mr William Amos Chillambo provided an outline of the efforts made by Tanzania Meteorological
Agency in implementing the WMO Migration to TDCF plan.
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6.6.3.1 The Training Seminar on Table Driven Code Forms held in Arusha, Tanzania in February
2003 opened a way towards the start of implementation of the migration plan. The Tanzania
Meteorological Agency has managed to lay down the National Migration Plan and has implemented
a National Training Programme on TDCF for her basic operational (core business) staff. The
proposed National Migration Plan has taken into consideration the WMO proposed code migration
schedule, however, the dates in most cases differ because it solely depended on the availability of
funds. It should also be noted that Tanzania embarked on the exercise rather late. The proposed
schedule is shown in Annex to this paragraph.

6.6.3.2 Upon successful implementation of the training programme, Tanzania received a request
from Botswana Meteorological Service for training four staff. The training was successfully
conducted from 13" to 23" February, 2006. Tanzania has received other requests from Ethiopia,
Kenya and Uganda who have shown interest of joining in the migration process. In line with the
training activity, Tanzania Meteorological Agency has ventured into composing a CREX Test
Message as presented in Annex to this paragraph. Pre-ready frame for encoding in CREX with
matrix and check digits have been defined also. TMA has selected few stations to compose the
normal observations into CREX messages and route them to the Central Forecast Office for further
scrutiny. The Meeting congratulated Tanzania for the work done.

6.6.3.3, In a Region where for a long-time half the countries have still no automated data
processing, and where the majority have still manual observations and operators for national
concentration like Tanzania:

Leased lines

SSB

Telephone lines

Internet

Cellular (radio, Primcel-SMS)

CREX might be the needed intermediate solution if one wants to transmit more accurate parameters
and extra and correct meta-data. The Meeting recommended strongly that check digits be used for
the exchange of CREX messages on the GTS to ease decoding and quality check by automated
centres. Perhaps more explanation for CREX coding is needed in some of the new regulations for
TDCF.

6.6.3.4 Surely the successful implementation of the migration to table driven codes in developing
countries largely depends on capacity building. Assistance to developing countries in the form of
pilot and specific projects is necessary. Since Tanzania has moved this step forward, it is requested
that personnel involved in delivering the knowledge be given further training/experience through
attachment at advanced centres. TMA needs also assistance in the acquisition and implementation
of CREX decoders programme. They have all indicated need for training, and this will require
financial assistance to enable resource persons to travel to these countries to conduct the course.

6.6.3.5 The Meeting agreed that assistance was required to help these countries to implement the
migration. The Meeting recommended that a new training programme for RA |, with different means
and content (to focus more on the implementation rather that the detailed code knowledge) was
necessary. Training the “code trainers” should be the priority. Funds and resourcing were a
problem. Advanced Centres should assist in promoting the capability of personnel involved for
delivering the knowledge and thus helping for accelerating the pace of migration in RA1.

6.7 EXPERIENCE OF MANUFACTURERS
The Meeting was pleased of the presence as observers of Mr Paul Heppner (from 3 SI, USA) and Mr
Michal Weis (from IBL Software Engineering, Slovak Republic) who reported some of their

experience in development connected with BUFR or GRIB implementation. In particular Mr Michal
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Weis submitted a document where problems identified with TDCF data processing were listed as
indicated below.

Introduction

It was observed that there was a significant gap between TDCF producers and the final users at the
data-processing level. Both groups have different expectations from the software, from the data
processing and have a different level of knowledge of data. These differences are most highlighted
when using TDCF data from a different or unknown provider. The main reasons for this dichotomy
were probably the common misunderstanding resulting from not making a difference between
decoding and understanding/interpretation. The absence of validation procedure/facilities for TDCF
producers was also a source of deviations from the standard, which were undetected by the
producers themselves.

Data testing

During data-integration process it was often requested to integrate various TDCF (BUFR) data from
different producers. However it was often observed that TDCF codes were not correct as they were
only tested by the producer itself, and very rarely tested with a different consumer.

The data testing between a TDCF consumer and a TDCF producer is a necessary step, which is
very time-consuming. During this iterative process, errors of producer are identified, feedback is
provided, then analyzed, and guidance has to be provided for troubleshooting. This is a time-critical
activity, requiring a very high level of knowledge of TDCF rules, as well as of the coded data itself,
and it is needed because of the absence of a self-testing/validation procedure for TDCF producers.
In fact, TDCF producers assumed the code is correct, having no possibility for crosschecking or
validation by another party.

Most common errors occurred in the selection of a proper representation (templates were used very
rarely or not at all), in the identification and interpretation (the meaning of a code was often not
known), in the use of old TDCF-writing libraries (where the subcategory field is not implemented),
and in logical or data-integrity errors (e.g. in a certain SYNOP BUFR implementation the pressure
tendency was always positive and its characteristic was missing).

Gap between encoding process and users

In a supposed homogenous environment, typically inside a single NWS, the situation is much simpler
as the know-how is available in-house. However, even here, deviations, like those found in an
heterogeneous environment, are appearing: the reason is that software from different providers are
in use, with various levels of configuration capabilities, maintainability, and possibilities of changes.

It was observed that users of the TDCF, which were at the end of the data-chain, often
misunderstood the procedure and did not make a difference between decoding and displaying. It
was assumed that by decoding, the data processing software was capable of displaying any TDCF in
any way (i.e. interpretation). When TDCF-written codes available in-house were of a different age,
the actual interpretation was often difficult as templates were not followed, and without the sub-
category (available in Edition 4) it was not possible to identify what a particular code really contained,
how it should be interpreted and how it should be displayed.

This problem is increased in heterogeneous environments where multiple producers are available,
and data-producers are different than data-users. Often, It was not known what certain BUFR
reports contained and who should be contacted for more information, although the data-users still
assumed that decoding equals understanding/displaying. Older editions are often used (even Edition
1), which resulted in difficulties for the identification of the data.
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6.8 USE OF XML

6.8.1 As tasked by CBS, the previous ET/DR+C meetings in Kuala Lumpur (June 2004) and
Muscat (December 2005) have both included lengthy discussions on the topic of XML. At both
meetings, it was generally acknowledged that XML could be a useful exchange mechanism for small
amounts of data and that some WMO guidance on nomenclature, conventions and/or best practices
might be useful in order to assist member countries in this effort. However, there had been minimal
XML experience reflected within the existing membership of the ET/DR+C, so the need to involve
additional subject-matter experts was repeatedly emphasized.

6.8.2 Within the U.S., the Office of the Federal Coordinator for Meteorological Services and
Supporting Research (OFCM) has established a Joint Action Group (JAG) to investigate and
coordinate the XML development efforts of the several national agencies delivering meteorological
information. An initial web service XML-based request and response mechanism called the Joint
Meteorological and Oceanographic (METOC) Broker Language (JMBL) has been developed and
implemented. Given these, and other efforts by the U.S. agencies, there is a substantial body of
work that the U.S. is willing to share. This body of work includes:

- Metadata/data dictionary

- Logical and physical data models represented in a data-modelling tool
- XML schemas based on the above models

- XML schemas for JMBL

- Current development of a JMBL User’s Guide (in progress)

- Configuration Management Plan

- Database design documentation

- Naming Standards and Conventions documentation

- Lessons learned

6.8.3 Based on these recent developments, the U.S. supports the effort of WMO to develop XML
guidance, practices, and any associated WMO standards for the representation and delivery of
meteorological information using XML. Such guidance and best practices would be the first step
towards increasing interoperability on an international basis. However, the scope of this guidance
and best practices must be clearly defined beforehand, since many development options are
available in creating XML schema. The range of options covers aspects such as modularity,
granularity (size and complexity of schemas), schema structure (including the use of annotation and
documentation), element naming, the use of code lists and the relationship to other WMO
standardized code lists. Security may also be an issue, since vulnerabilities with XML have been
recognized by the W3C. Of particular significance is the determination as to what degree data
elements will be defined and managed at the WMO level versus what will be managed at local
(national or below) levels. Therefore, when defining the scope of the guidance, it is recommended
that the focus (at least initially) should be on areas which promote the highest degree of
interoperability, have the greatest impact, may be implemented in the shortest amount of time and
have a minimum implementation cost. The U.S. has a substantial body of work to share in such an
effort, and would like to volunteer involvement in all steps of the development and decision process
for any such future guidance, best practices, and associated WMO standards for XML.

6.8.4 The UK Met Office indicated also its involvement with various groups in developing XML
Meta data standards for XML. As mentioned previously, the current ET/DR+C does not possess the
technical knowledge required to address many of these issues, so the Meeting agreed that
convening of a separate expert team, either as a subgroup to the ET/DR+C or as a separate stand-
alone team charged with the resolution of such matters (currently tasked to the ET/DR+C), seems
warranted. A good idea would be to define standard meteorological XML schemas that are tightly
coupled with CREX/BUFR tables. A one-time international workshop, with subsequent coordination
via email, teleconferencing, etc. would also be necessary to define what to do and at what level it has
to be done.
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6.9 USE OF NETCDF

6.9.1 As already said before by the Teams, NetCDF was also an envelope to exchange scientific
data. It was also self-describing and a lot of interface sub-routines and various facilities have been
developed along the years. And as for XML, when people started to use intensively NetCDF they
realized that they needed some agreed standards in the definition of parameters to be exchanged.
Thus, there was the example of the development of a Climate and Forecast (CF) convention for
NetCDF by some universities, laboratory and various agencies. UKMO indicated that there was plan
to involve the World Climate Research Programme in this endeavour.

6.9.2 The Meeting considered that NetCDF was array driven and file oriented, and that it was more
appropriate for fields than for observations. It was somehow acceptable for data retrieval, but surely
unusable for real time automatic operational exchange on the GTS. The Meeting acknowledged its
lack of expertise in the field and it would require a big amount of time to do the work. It repeated the
need to hire a consultant to establish the exact requirements, to define the tasks to put standards for
parameters in a convention, how to link it with GRIB 2 and identify what had to be done. The
consultant should have expertise in NetCDF as well as good knowledge of GRIB 2. The Meeting
welcomed the idea of involving WCRP, but wished the standard be connected somehow with the
existing parameter definitions in GRIB 2.

7. TASKS FOR MIGRATION

The Meeting considered the tasks needed to improve the process for migration to TDCF and realized
that numerous tasks remained to be done, especially for helping developing countries.

7.1 FACILITATION OF OPERATIONAL IMPLEMENTATION AND PRE-OPERATIONAL
TESTING

The Meeting considered how to provide central coordination of activities including preoperational
testing and operational implementation.

TDCF in WMO web server

7.1.1 The Meeting stressed the need (for any development and understanding by all NMHS) to
have Code Tables, Templates, Guides and Migration information always up-to-date in the WMO web
server and asked the WMO Secretariat to provide sufficient manpower to perform this task, when
change occurs without any delay. A special Migration News page could be inserted, as well as in the
WWW Newsletter.

Code Tables in machine-readable form

7.1.2 The need of Code Tables in machine-readable form (for example BUFR itself, CSV or XML)
was stressed again to facilitate development and the Meeting called on for a member to make
available these Tables in such a format, since the Secretariat did not have the expertise nor the
means, neither the time to generate such format efficiently. Once these Tables in these different
formats would be generated, they could be made available in the WMO web server.

Data verification service

7.1.3 To facilitate the migration process to TDCF, a validation service was considered for BUFR
and CREX coded data. The Meeting agreed on the need for a centrally organized web-based
validation service to facilitate operational implementation and pre-operational testing of migrated data
flows. Because the service was to verify that data complied with agreed standards and regulations, it
had been named “data verification service”.
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7.1.3.1 The ideal would be a unique webpage that offers the ability to upload bulletins and/or
messages in BUFR en CREX format. Uploaded data would be validated instantly and results would
be presented by a webpage. Initially, this validation could be decoding checks only. Additional
checks to validate the contents more precisely could be added over time. It would be appropriate to
implement such a validation service at a website that offered also decoding and encoding software
for BUFR and CREX (e.g. ECMWF). It would not necessarily mean that the development of this
service would have to take place at the organization managing the website (an example of a
validation service for HTML is offered by W3C, see http://validator.w3.org/). The establishment of an
automatic validation tool on-line in a web site (WMO Web or other) would help TDCF producers to
validate codes with third-party, and to perform cross checks. Proposed checks could cover:

Test for international descriptors, valid at time

Test for Sequences matching known templates, and TM-sequences
Internal data integrity (cross-checks)

Visualization (preview) of tested data

Validation against co-provided TAC

7.1.3.2 To establish the data verification service for BUFR and CREX data, the following approach
had been agreed:

1. Identification of requirements:
Requirements are collected, prioritized and selected for implementation.

2. Development and implementation of the service:
Given selected requirements, the web-based service is developed and implemented.

7.1.3.3 For the development of requirements an initial specification document will be prepared by Jan
Willem Noteboom (KNMI) and distributed to the team members for review and contributions.
Because it is expected that not all requirements can be implemented in the first release of the
service, a selection has to be made. This selection will be based on priorities given to the individual
requirements by all team members.

Examples of requirements:
Decoding checks (edition, tables references etc), template checks (correct usage of migration
templates), cross-checks (comparison of data in TACs versus BUFR/CREX).

7.1.3.4 Milan Dragosavac (ECMWF) was willing to arrange the development and implementation of
the verification service. Also other team members are willing to provide contribution, but might
require permission from their organizations.

7.2 CONTACTS WITH OTHER ORGANIZATIONS

As stated in its terms of reference, the CT recognized the need to coordinate its activities and work
together with other relevant international bodies including ICAO, CAeM, I0C, JCOMM and the
satellite operators in order to co-ordinate, agree and resolve migration issues related to specific code
types. Additionally, the Team is tasked to coordinate with Regional Focal Points, National Migration
Steering Groups and Codes Focal Points, RTH Focal Points and others too, as needed, to identify
problems and develop and implement solutions. Information should be passed to the Regional
Rapporteurs on Codes and Data Management or ISS.

7.2.1 Fred Br