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TDCF Validation
Submitted by ET-OI Chair
	Summary and Purpose of Document
This document reports the validation of various BUFR/CREX messages conducted by RTH Melbourne and examines some of the problems identified in the BUFR converted TAC messages for which BUFR is the primary source of data and TAC is the generated product of the BUFR report.



ACTION PROPOSED
IPET-DRC and ET-OI members are invited to consider the proposed guidelines and best practice procedures for validation of BUFR/CREX messages especially those compiled and delivered by commercial suppliers and software vendors.  The formal distribution of the BUFR/CREX message on GTS for international or regional exchange represents the approval of the data by the Member countries of WMO.  However, there is currently no requirement for Members to conduct any formal validation on their BUFR/CREX message products if they use approved operational BUFR/CREX code forms and templates published in the Manual on Codes.  Furthermore, there are no recommended guidelines for Members as to how the BUFR/CREX messages provided by their suppliers can be presented to any form of validation.
	
	


1.  Introduction
RTH Melbourne has conducted and documented a number of validations on various data types encoded in TDCF delivered by NMC/RTH centres in RA V and Regional Tsunami Service Providers (RTSP) for the Indian Ocean.  All of the messages presented for validation are either message products provided by companies contracted by the NMHS to develop and operate the BUFR message preparation system or packaged products supplied to the NMHS and RTSP using software applications provided by their vendors.  As the parallel distribution of TAC and BUFR for data categories 1 (Common), 2 (Satellite observations) and 4 (Maritime) will come to an end in November 2014 the validation offered by Melbourne has provided considerable assistance to Member countries in RA V in their migration efforts to deliver messages in BUFR.  Validations are also conducted to data types for which there are no TAC equivalents such as wind profiler and tsunameter data. Third party suppliers and software application vendors providing BUFR/CREX messages for validation include ATRAD, NetSys, Delairco, Scotia Weather Services Inc. (SWSI), INCOIS, SAIC and Envirtech.  

All types of BUFR/CREX messages supplied by the NMC, RTH centres, RTSP and vendors went through several iterations of testing and validation, in some cases multiple errors were introduced during each iteration of validation as the vendors attempted to make corrections and changes for the errors identified.  Results of the validation indicated that most of the companies supplying the BUFR encoded messages for testing were likely to be their first time dealing with BUFR. Most of the suppliers were very cooperative and they were willing to correct any errors identified in the validation process.  However, there were some suppliers not willing to make changes to their products for which some of the encoded values were either invalid or wrong.
2.  WMO Validation requirements
Apart from the validation procedures
 with respect to new and proposed changes in WMO codes and data representation forms there is currently no standard practices and procedures (mandatory) and recommended practices and procedures (best practice) prescribed in the Technical Regulations and other WMO manuals and guides for validation of any messages which use existing approved operational code forms published in the Manual on Codes.  In general BUFR messages encoded and produced by the internal staff members of the NMHS are subject to more rigorous testing and validation before they are distributed for exchange on GTS.  However, there is a high risk in accepting packaged message products from third party commercial suppliers or software companies advertised to be compliant with WMO BUFR and TAC code forms without undergoing any formal testing and validation by experts of the relevant CBS groups or experienced staff members of the NMHS.
The problems of insufficient testing and validation of packaged message products are not expected to happen in some organisations whose products originate from a specialised unique source, e.g. satellite operators, where their data products are compiled by scientists and experts with a good knowledge of BUFR. The problem appears to come from BUFR message products associated with observation and environmental monitoring systems such as wind profilers, upper-air PTU and wind vertical profiles that generate BUFR TEMP, PILOT messages, Iridium communications system equipped drifting buoys or floats that generate BUFR BUOY, BATHY, TESAC messages, and AWS instruments that report surface observations in BUFR SYNOP.  The WMO migration plan to TDCF has made it necessary for companies to provide solutions to NMHS to generate BUFR messages directly from the supplied instruments.  There are many small to medium sized commercial vendors in the market able to sell their products, e.g. AWS, profilers, etc. with systems that generate BUFR and TAC messages or both.
There is no WMO requirement for companies to conduct testing and validation on their BUFR/CREX message products by a group of experts in codes and data representation.  However, the extent of errors identified in the testing and validation conducted in Melbourne indicated that a formal process of validation is required for any system that offers to produce messages in BUFR or CREX.  NMHS procuring systems with packaged message products encoded in BUFR or CREX but with no capacity to conduct testing and validation on its own are likely to run into problems if no other centres can offer testing and validation on their behalf.  The problem is further complicated with multiple vendors each responsible for installation of instruments with message encoding in BUFR/CREX and another supplier in message decoding, data display and conversion to TAC for legacy systems that use TAC codes.  The lack of details in the requirement for message products to be prepared in TDCF when system specification documents are provided to the contracted companies by the NMHS is also part of the problem.   

3.  Identified errors in validation and undesirable practices in the use of TDCF code form
Examples of the common errors identified in the TDCF testing and validation are listed in the Appendix.  In most of the testing and validations conducted on behalf of NMHS and other companies comments were also provided for any undesirable use of the TDCF code form.  This part of the comment does not say what they do is wrong but as a common practice not desirable.  The validation also comments on the consistency of regional and national practice of the NMHS.  Migration to TDCF is a significant IT development and changes in reporting practice and observing practice are likely to happen to take advantage of the flexibility of TDCF for which TAC cannot offer.
Results of the testing and validation indicated that while some parts of the BUFR message corresponding to the sections for international exchange in the TAC code form may well be encoded correctly in the BUFR report the parts related to sections for regional and national exchange are mostly not very well presented or in some cases completely against the normal practice of the NMHS.  If this is not properly managed by the NMHS through a change management process there is a risk of causing inhomogeneities in the climate record.  Typical examples are measuring periods and reporting times of extreme temperatures and rainfall as they are likely to be changed as TDCF now offers the flexibility to report all periods of measurement and that they can be reported at a more convenient time not limited to the time when the measuring period ends.
The validations also uncovered a lot of the regional and national practices of the TAC code forms of the NMHS are either not fully described in the Manual on Codes Volume II (Regional Codes and National Coding Practices) or non-existent.  The migration to TDCF also raises the issue of how do we document the new observing and reporting practices of the TDCF of the NMHS and where can users obtain this information.  Arguably the information can be found in the way reports are presented in the BUFR or CREX messages but end users never see the binary message or even know how to read the message.  Most users will refer to databases or systems that store or display the decoded data and if the information is not captured in the system the changes that have taken place in the migration will be lost until climatologists find out the anomalies years or decades later.
The progress of TDCF migration over the last few years has increased the data volume of BUFR reports on GTS considerably but most of the Common Categories (Cat. 1) surface land and upper air reports are still transmitting their corresponding TAC reports so we have not yet seen the impacts of TDCF migration on climate records.  Most centres are still using TAC code form as the primary source of data in most of their applications for Cat.1 data.  In fact many NMHS have not started to store and archive data reported in BUFR for Cat. 1 data.  Increasingly we begin to see more BUFR messages of Cat. 1 data for which there are no corresponding TAC reports.  The BUFR reports have become the original source of data such as the reports from the AWS.  TAC reports are secondary products generated by the commercial software applications.

BUFR reports received as the original source of data also raised the problem of whether it is appropriate to distribute the generated TAC reports in parallel with the BUFR reports especially when the TAC reports are generated by a third party software application which does not take into account of the features reported in the original BUFR message.  In some cases of the validations conducted in Melbourne on behalf of the NMHS in the Pacific Island States the generated TAC reports are found to be inconsistent with the regional practice of RA V and also the national practices of the NMHS.  This is likely to be a common problem of third party general purpose software applications that claimed to be able to offer TDCF to TAC conversion but their functionalities to handle all regional and national practices are yet to be tested
As a responsible RTH centre for the NMC or Principal GISC for the DCPC/NC the recommendation for the NMHS is not to distribute the TAC reports for international exchange if original reports are already made available.  However, regional and national requirements for the secondary TAC products may justify the distribution of the data within the region or the AMDCN.  The way how GISC centres and WIS Core Network operate in terms of synchronisation and caching of real time GTS traffic may be difficult to restrict the TAC reports go outside the AMDCN.
4.  Recommended mandatory and best practice for TDCF validation
TDCF validation should be made mandatory for Members who provide encoded messages in BUFR or CREX for regional or international exchange on GTS irrespective of whether they use a new or modified BUFR/CREX template or an existing operational template. The purpose of validation is not just to verify the compliance of the encoded messages to follow the BUFR/CREX code regulations and standards.  The responsibility of validation goes beyond the terms of reference of IPET-DRC and ET-OI although both groups carry major parts of the work in the implementation of any BUFR/CREX codes and their distribution on GTS for regional and international exchange.
A general comment from some of the NMHS and companies presented their BUFR/CREX messages for validation indicated that they are not aware of the B/C Regulations for reporting traditional observation data in Table Driven Code Form (TDCF): BUFR or CREX.  They don’t even know these regulations exist.  In fact it is rather difficult to find these regulations hidden in Volume I.2, Part C, Section d either in the WMO Manual on Codes web page or in the Manual itself.  Furthermore there is no where users can easily find the regional and national observing and reporting practices of the TDCF similar to the Volume II of the Manual on Codes for the TAC.  ET-OI recommends CBS to consider publishing the information on the regional and national observing and reporting practices of the TDCF preferably in Volume II of the Manual on Codes same as for the TAC codes.
ET-OI recommends regulatory statements for TDCF validation be proposed to CBS.  Based on the extent of errors found in every validation RTH Melbourne conducted on behalf of the NMC and RTH centres it is quite possible that some commercial packaged products with little or less than adequate validation conducted by the company could well be accepted by NMHS unaware of the problem. Given that Members may not be able to carry out the validation on their own because of lack of expertise in TDCF and data representation it is proposed that the MTN centres or Principle/Secondary GISC centres in the zone of responsibility of the NMC/RTH or DCPC/NC of the Member be prepared to take up the roles of TDCF validation on their behalf.  The role of National Focal Point for codes and data representation matters will have to be extended to cover this mandatory requirement for TDCF validation in the implementation of any TDCF by the Member.
The TDCF validation whether it is for implementation of a new or modified code form or an existing BUFR/CREX template shall include the following:
· To ensure that the TDCF messages conform to WMO BUFR/CREX code regulations and standards.
· To report if any of the regional reporting practice and national observing practice of the national meteorological service are to be preserved in BUFR
· To document the implementation of new improvements in reporting practice (regional or national) not previously recorded in the Manual on Codes Volume II for the TAC codes. 
· To document any deviations in observing and reporting practices of the BUFR reports as against the existing TAC reports.
· Any observing and reporting practices relevant to the TDCF shall be presented to the Regional Associations and CBS for formal publication in a suitably administered repository that facilitated as a source of reference to Members similar to the Manual on Codes Volume II (Regional Codes and National Coding Practices) as for the TAC codes.
5.  Appendix – Common errors identified in testing and validation of TDCF reports
NIL reports

NIL reports in BUFR are either encoded incorrectly or left out completely.  
The instruction for NIL reports in BUFR is clearly defined both in the Manual on Codes and the Manual on the GTS.  All items should be set to missing other than station identifier (descriptors 001001 and 001002) and delayed replication factors.  The relevant regulations can be found in the Manual on the GTS, para. 2.3.3.3.2 or Manual on Codes Volume I.2, Part C, Section d, Note (ix).
Conversion of temperature from degrees Celsius to degrees Kelvin
Not strictly using the equation: T = t + 273.15 or some other rounded figures of 273.15 is used 
Conversion of wind speed from knots to m/s
Using a rounded conversion factor of 0.5 instead of the exact value of 0.5144 or 1852/3600 
5.1.  BUFR surface reports from fixed land stations (SYNOP) – TM307080
Height of station ground (007030) and height of barometer above MSL (007031)
    12 HEIGHT OF STATION GROUND   007030           Missing M
    13 HEIGHT OF BAROMETER ABOVE  007031           Missing M
    12 HEIGHT OF STATION GROUND   007030           103.000 M
    13 HEIGHT OF BAROMETER ABOVE  007031           102.000 M
Height of station ground (007030) and height of barometer above MSL (007031) are either missing or barometric height lower than station height.  
The information appeared to be copied from WMO Volume A.  This is one of the problems of WMO Volume A.  The station height in Volume A has two meanings.  When the station is indicated as an aerodrome, marked with an 'A' in the Obs Rmk column, the column for station height becomes the official altitude of the aerodrome whereas for stations not located on aerodrome, the station height is the ground on which the raingauge stands or, if there is no raingauge, the ground beneath the thermometer screen.  If there is neither raingauge nor screen, it is the average level of terrain in the immediate vicinity of the station.
Period of reference for basic synoptic “period data” (004024)
    87 MAXIMUM TEMPERATURE, AT H  012111           304.640 K                       

    88 TIME PERIOD OR DISPLACEME  004024            24.000 HOUR                    

    89 TIME PERIOD OR DISPLACEME  004024           Missing HOUR                    

    90 MINIMUM TEMPERATURE, AT H  012112           298.140 K                       

    91 HEIGHT OF SENSOR ABOVE LO  007032           Missing M  

The time periods of the basic synoptic “period “ data are encoded as positive values.  
Two common errors are noted.  The first time period should be negative.  The second time period should either be 0 if the observation, e.g. maximum/minimum temperatures reported ends at the nominal time or some other negative value to construct the time range.
Type of instrumentation for wind measurement - Flag table 0 02 002

    92 TYPE OF INSTRUMENTATION F  002002             1.000 FLAG TABLE 2002         

    93 TIME SIGNIFICANCE            008021             2.000 CODE TABLE 8021         

    94 TIME PERIOD OR DISPLACEME  004025            10.000 MINUTE                  

    95 WIND DIRECTION               011001            67.000 DEGREE TRUE             

    96 WIND SPEED                    011002             2.000 M/S 
The encoded value of 1 is wrong.  
It can't possibly be 1.  Reference should be made to Note (9) in BUFR/CREX Table B, Manual on Codes, listed as follows:
 

(9) In all flag tables within the BUFR specification, bits are numbered from 1 to N from the most significant to least significant within a data of N bits, i.e. bit No. 1 is the leftmost and bit No. N is the rightmost bit within the data width. The bit No. N (least significant bit) is set to 1 only if all the bits are set to 1 within the data width of the fag table to represent a missing value.

This is the most common error made by the software application vendors.  They all mis-interpreted the high order and low order bit in BUFR.  The value to be encoded for winds measured by certified instrument should be 8, i.e. bit number 1 set to 1.
Temperature change over period specified

   122 TIME PERIOD OR DISPLACEME  004024            24.000 HOUR                    

   123 TIME PERIOD OR DISPLACEME  004024           Missing HOUR                    

   124 TEMPERATURE CHANGE OVER S  012049             2.000 K     
The first time period and second time period are all wrong. 
The specific software is generating 24-hour temperature change in every hourly report.  This is not what should be reported in this item.  The second time period cannot be missing unless the first time period is missing.  Irrespective of what time period it referred to a temperature change of 0 degree is not required to be reported according to Regulation B/C 1.13.2.1.  Furthermore the time period of past weather reported in SYNOP reports are normally 6, 3 or 1 hour depending whether they are main synoptic hour, intermediate synoptic hour or hourly reports.  

Apparently when it comes to generate regional and national groups such as the maximum and minimum temperatures and precipitation there are lots of inconsistency in the BUFR messages compared with the normal practice of the NMHS.  The regional practice for reporting maximum/minimum temperatures in RA V is to report 24-hour maximum temperature at 12 UTC and 24-hour minimum temperature at 00 UTC.
If it is the intention of the NMHS to provide reports observations against the regional practice the details should be described and documented and be recorded in the Manual on Codes Volume II (Regional Codes and National Coding Practices).
5.2  BUFR PTU and wind vertical profiles (TEMP) – TM309052
Ship or mobile station identifier (001011)
   3 SHIP OR MOBILE LAND STATI 001011          1009.000 CCITTIA5             93112
WMO number is inserted in the ship / mobile station identifier (001011).

According to B/C 25.2.1 the ship / mobile station identifier (001011) shall be always set to a missing value in reports from a fixed land station.
Type of measuring equipment used (Code table 002003)
   7 TYPE OF MEASURING EQUIPME  002003           Missing CODE TABLE 2003
Type of measuring equipment used (Code table 002003) not reported.

According to B/C 25.2.2 radiosonde type (Code table 002011), solar and infrared radiation correction (Code table 002013), tracking techniques/status of system used (Code table 002014) and type of measuring equipment used (Code table 002003) shall be reported.
 

Radiosonde type (Code table 002011), solar and infrared radiation correction (Code table 002013) and tracking techniques/status of system used (Code table 002014) are available in all parts of the TEMP message in Section 7 after the group 31313.  Regulation 35.2.5, Manual on Codes Volume I.1 regulates that the groups are mandatory.  The type of measuring equipment used (Code table 002003), however, is only available in TTBB, in the group YYGGa4 after TTBB and before the WMO number.  There is no mandatory reporting requirement for measuring equipment used in TTBB code table 0265.  Some countries never report this in TTBB.  It is not uncommon to have this field missing in BUFR.
Height of station ground (007030) and height of barometer above MSL (007031)
   12 HEIGHT OF STATION GROUND   007030           Missing M
   13 HEIGHT OF BAROMETER ABOVE  007031           Missing M
Same as other BUFR message types, e.g BUFR SYNOP, height of station ground (007030) and height of barometer above MSL (007031) are missing. 
The purpose of BUFR to move away from WMO Volume A is not very well understood by the NMHS and its contractors.
Extended vertical sounding significance – Flag table 008042 for surface level
   30 LONG TIME PERIOD OR DISPL  004086           Missing SECOND

   31 EXTENDED VERTICAL SOUNDIN  008042        135168.000 FLAG TABLE 8042
   32 PRESSURE                   007004        102000.000 PA
   33 GEOPOTENTIAL HEIGHT        010009           Missing GPM
   34 LATITUDE DISPLACEMENT (HI  005015           Missing DEGREE
   35 LONGITUDE DISPLACEMENT (H  006015           Missing DEGREE
   36 TEMPERATURE/DRY-BULB TEMP  012101           291.950 K
   37 DEW-POINT TEMPERATURE      012103           284.950 K
   38 WIND DIRECTION             011001           175.000 DEGREE TRUE
   39 WIND SPEED                 011002             4.100 M/S
The encoded value for extended vertical sounding significance for surface level is wrong
According to B/C 25.8.1 the value of extended vertical sounding significance 008042 at the surface level shall indicate that this level is also a level significant with respect to temperature, relative humidity and wind, i.e. not only bit No.1 but also bits No. 5, 6 and 7 shall be set to 1.

 
5.3 BUFR wind vertical profiles with pressure as vertical coordinates (PILOT) – TM309050
Extended vertical sounding significance – Flag table 008042 for surface level
    21 LONG TIME PERIOD OR DISPL  004086           Missing SECOND
    22 EXTENDED VERTICAL SOUNDIN  008042          2048.000 FLAG TABLE 8042
    23 GEOPOTENTIAL HEIGHT        007009             0.000 GPM
    24 LATITUDE DISPLACEMENT (HI  005015           Missing DEGREE
    25 LONGITUDE DISPLACEMENT (H  006015           Missing DEGREE
    26 WIND DIRECTION             011001            90.000 DEGREE TRUE
    27 WIND SPEED                 011002             2.600 M/S
The encoded value of 2048 in descriptor 008042 is wrong.
According to B/C 20.7.1 the value of extended vertical sounding significance 008042 at the surface level shall indicate that this level is also a level significant with respect to wind, i.e. bit No.1 and also bit No. 7 shall be set to 1. The encoded value of 2048 indicated only bit 7 is set to 1.  For winds at surface level bits 1 and bit 7 should be set to 1.  The encoded value should be 133120.
Extended vertical sounding significance – Flag table 008042 for maximum wind level
    77 LONG TIME PERIOD OR DISPL  004086           Missing SECOND

    78 EXTENDED VERTICAL SOUNDIN  008042         16384.000 FLAG TABLE 8042

   *79 PRESSURE                       007004           Missing PA

    80 LATITUDE DISPLACEMENT (HI  005015           Missing DEGREE

    81 LONGITUDE DISPLACEMENT (H  006015           Missing DEGREE

   *82 WIND DIRECTION               011001           Missing DEGREE TRUE

   *83 WIND SPEED                    011002           Missing M/S
The encoded value of 16384 in descriptor 008042 is wrong.

With reference to maximum wind, and according to Note (2) in B/C 20.7.3.1:
As a maximum wind level is also a level significant with respect to wind, bit No. 7 as well as bit No. 4 shall be set to 1 in the extended vertical sounding significance 008042.
The encoded value of 16384 in descriptor 008042 indicated only bit 4 is set to 1.  For maximum wind levels bits 4 and 7 should be set to 1.  The encoded value should be 18432.
*Note: TM309050 has no provisions for reporting maximum winds with levels expressed in gpm.  The following PPAA report with maximum wind at 10,000 gpm cannot be encoded using this BUFR template.

UPNZ02 NZKL 281800

PPAA  78163 93614

55385 32006 01506 07505 55340 13513 11022 10524 55220 16015 27025

71000 11026=

PPAA  78163 93844

55385 26520 31513 31511 55340 29011 28523 28024 55220 27028 27528

71330 28029= 
Wind shear data with incorrect use of replication factor 
    84 DELAYED DESCRIPTOR REPLIC  031001             1.000 NUMERIC
    85 LONG TIME PERIOD OR DISPL  004086           Missing SECOND
    86 EXTENDED VERTICAL SOUNDIN  008042         16384.000 FLAG TABLE 8042
    87 PRESSURE                   007004           Missing PA
    88 LATITUDE DISPLACEMENT (HI  005015           Missing DEGREE
    89 LONGITUDE DISPLACEMENT (H  006015           Missing DEGREE
    90 ABSOLUTE WIND SHEAR IN 1   011061           Missing M/S
    91 ABSOLUTE WIND SHEAR IN 1   011062           Missing M/S
 

There is no wind shear reported in the PPAA message but 1 replication is encoded in the BUFR message (line number 84).  It should be 0 and that will be the end of the BUFR message.  Line number 85 to 91 are not required.  This is an incorrect use of replication.
5.4 BUFR aircraft reports (AIREP) - TM311001
Air temperature

Encoded values of air temperatures are all wrong.  Incorrectly interpreted the air temperatures reported in AIREP as they were in AMDAR.  AIREP reports give temperatures in whole degrees C in two figures whereas AMDAR reports give tenths of degrees C in three figures. 

Wind speed

Encoded values of wind speeds are all wrong.  Incorrectly interpreted the wind speed reported in AIREP as they were in AMDAR.  AIREP reports only give wind speeds in three figures if wind speed is above 99 knots so it can be two or three figures in the wind speed group.  AMDAR reports are always 3 figures in knots.
5.5 BUFR buoy data (BUOY)
The template being validated is described at the WMO Manual on Codes web page at

http://www.wmo.int/pages/prog/www/WMOCodes/TemplateExamples.html#Regulations
The template is ‘Proposed template for buoy data including directional and non-directional wave data’ and its status is still indicated as ‘validation’ although some centres are currently distributing BUOY data in BUFR on GTS using this template http://www.wmo.int/pages/prog/www/WMOCodes/Ref_Templates/BUOY_wave.doc
The buoy template proper covers descriptors 1-84 with items 85-109 covering wave data. No Table D descriptors are provided probably because it has been used by some centres in its current form long before it was formally included in the WMO Manual on Codes.  This opens up the temptation by users to selectively use descriptors they like to include and omit others they don't want to use.  BUFR is flexible enough to allow users to do this but may not be appropriate to do so.  The company was encouraged to use the full template rather than part of the sequence which may not be a general purpose template applicable to other types of buoys.

Data Category and Data Sub-category

 DATA CATEGORY                         31 (Oceanographic data)                                        

 DATA SUB-CATEGORY                     0 (Old TOVS sub-category)
  DATA CATEGORY                         1 (Surface data, Sea)                                         

  INTL DATA SUB-CATEGORY              0 (SHIP)                                                      

  LOCAL DATA SUB-CATEGORY            25

Data Category and Data Sub-Category listed as 031/000 or 001/000 in BUFR Section 1 are all wrong and they do not fully describe the BUOY data.  According to Common Code Table C-13 the Data Category and Data Sub-Category should be 001/025.

Pressure (Significance qualifier 008081)
    66 TYPE OF EQUIPMENT          008081           Missing CODE TABLE 8081         
    67 INSTRUMENT TEMPERATURE     012064           Missing K                       
    68 PRESSURE                   010004        101980.000 PA                      
    69 PRESSURE REDUCED TO MSL    010051           Missing PA                      
    70 3-HOUR PRESSURE CHANGE     010061           120.000 PA                      
    71 CHARACTERISTIC OF PRESSUR  010063           Missing CODE TABLE 10063        
    72 TYPE OF EQUIPMENT          008081           Missing CODE TABLE 8081         

The first significance qualifier 008081 should be 0 instead of missing.  
The use of missing value in descriptor 008081 indicates that a previously defined significance is to be cancelled.  Reference should be made to note (2) in Table B for class 8 descriptors.  Setting descriptor 008081 missing at the beginning of the equipment block means cancelling something not yet defined.
Pressure (pressure tendency 010063)
The 3-hourly pressure tendency characteristic should not be missing.  The relevant groups in FM 18 for pressure tendency is the 5 group in Section 1, which is not missing. 
 

Delayed replication of 1 with all values missing 
This is not technically wrong but it does not make any sense to have a replication with all values missing.  A replication factor of 0 should be encoded and items 117-126 will not be required.
 

   116 DELAYED DESCRIPTOR REPLIC  031001             1.000 NUMERIC
   117 WAVEBAND CENTRAL FREQUENC  022080           Missing Hz     
   118 SPECTRAL BAND WIDTH        022096           Missing 1/S
   119 NON-DIRECTIONAL SPECTRAL   022090           Missing M**2S          
   120 MEAN DIRECTION FROM WHICH  022086           Missing DEGREE TRUE
   121 PRINCIPAL DIRECTION FROM   022087           Missing DEGREE TRUE
   122 DIRECTIONAL SPREAD OF IND  022095           Missing DEGREE         
   123 SPECTRAL WAVE DENSITY RAT  022085           Missing NUMERIC
   124 FIRST NORMALIZED POLAR CO  022088           Missing NUMERIC
   125 SECOND NORMALIZED POLAR C  022089           Missing NUMERIC
   126 DIRECTIONAL SPECTRAL ESTI  022092           Missing M**2S/RAD
 

5.6 BUFR profiler

Data Category and Data Sub-category

   DATA CATEGORY                     2 (Vertical sounding (Non-satellite))

 DATA SUB-CATEGORY                0 (Old TOVS sub-category)
Data Category and Data Sub-Category given as 002/000 in BUFR Section 1 do not fully describe the profiler data.  According to Common Code Table C-13 the Data Category and Data Sub-Category should be 006/001.  A number of other countries including Japan, Hong Kong also do the same but they probably started reporting profiler before the Common Code 006/001 was introduced.
Mean frequency (002121)
    15 MEAN FREQUENCY             002121             0.000 Hz
Encoding a value of 0 which is not true is an error.  ‘Missing’ should be encoded if the value cannot be determined  
Wind Computation Enhancement (025021)
    18 WIND COMPUTATION ENHANCEM  025021             1.000 FLAG TABLE 25021
Encoded value of 1 is wrong.

This element cannot possibly be 1 according to Code Table 025021.  Reference should be made to BUFR Table B footnote (9).  This is a common error and most people set the low order bit instead of the high order bit.  
The valid values are 128, 64, 32, 16, 8, 4, 2 and 255.  If 'Simple average' is to be encoded bit No. 1 (leftmost bit) should be set to 1 (1000 0000), and the value to be encoded is 128.
� � HYPERLINK "http://www.wmo.int/pages/prog/www/ISS/Meetings/IPET-DRC_Exeter2012/IPET-DRC_DocPlan.html" ��Procedures for amending the Manual on Codes�





