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FINAL REPORT 

1. ORGANIZATION OF THE SESSION
The first session of the Expert Team on Requirements and Representation of Data from Automatic Weather Stations (ET/AWS-1) was held in Geneva from 3 to 7 July 2000.  The list of participants is given in Annex I.

1.1 Opening of the session
1.1.1
The meeting was opened by the Chairman of the Expert Team Dr. Miroslav Ondráš (Slovakia).  Dr. D.C. Schiessl, Director of the Department for the WWW Basic Systems welcomed participants to the new WMO Headquarters Building.  He noted that this session of the Expert Team was the latest of some 30 meetings scheduled by CBS in its efforts to restructure and streamline its functions.  The work of the Expert Team on Automatic Weather Stations was highly technical but it also included a number of sensitive policy issues.  The agenda for the session was therefore challenging and he wished the Team every success in its deliberations.

1.2 Adoption of the agenda
1.2.1
The agenda for the meeting was adopted and is reproduced in Annex II to this report.

1.3 Working arrangements for the session
1.3.1
The meeting agreed on working arrangements and adopted a tentative work plan for consideration of the various agenda items.

2. REPORT OF THE CHAIRMAN
2.1
The Chairman presented his report to the meeting.  The report was comprehensive and included a review of the background to the establishment of the Expert Team, an evaluation of the terms of reference and the work to be carried out by the Team, an analysis of the work already successfully concluded by the Team and a proposed list of action items to be included in a future work plan for the team.

2.2
The detailed information provided in the Chairman's Report was taken into account by the meeting and reflected as appropriate during consideration of the following items of the agenda.

3. PRESENT AND FUTURE REQUIREMENTS OF THE WMO TECHNICAL COMMISSIONS AND PROGRAMMES FOR THE USE OF AUTOMATIC WEATHER STATIONS
3.1
During consideration of this item, the meeting had before it a document which provided a proposal of present and future requirements of the WMO Technical Commissions and Programmes, based on the conclusions of the Expert Meeting on Requirements and Representations of Data from Automatic Weather Stations, held in De Bilt, Netherlands from 19 to 23 April 1999.  Other sources of information on user requirements were also considered. The complete reference list is included Annex III to this report.

3.2
The meeting made several revisions to the list of required variables and their characteristics.  The revised table is presented in Annex IV to this report.  It was felt that this table provided functional specifications for the table-driven BUFR and CREX codes to support present and future Automatic Weather Station applications.  These specifications are expressed in terms of variable description, minimum reported resolution, maximum effective range, mode of observation and minimum reporting interval.  There is also some indication as to whether the existing table-driven codes accommodate each variable.  

3.3
The variables considered are those that could be reported, either at present or in the future, by an in-situ automatic weather station. It was noted that, for each parameter, table-driven codes would need to be reserved for sensor type, status, special shielding and manual augmentation status. The meeting felt that it was necessary to encourage further discussion on the insertion of metadata information into BUFR/CREX. User priorities are excluded from Annex IV given that the meeting considered this aspect to be beyond its mandate.

3.4
The proposals provided in Annex IV represent a conscious effort to optimize phenomena description and maximize international exchange of data produced by automated observing systems measuring oceanic and atmospheric variables.  Applied measurement techniques satisfy the national, regional and international requirements for which they were designed.  Not all data obtained from these systems can be adequately described using existing code tables.

3.5
The meeting considered that it was inevitable that observing system technologies would change in response to evolving operational requirements and technological progress, greater accuracy, faster response time, etc.  Current alphanumerical code tables had neither the capacity nor the flexibility to accommodate the full range of data reporting

Conclusions and recommendations:

(a) Noting the strong interest of CBS in coordinating its activities with other Technical Commissions and relevant International bodies, i.e., CIMO and EUMETNET, on matters relating to information exchange and work harmonization, the meeting felt that its views on this matter should be taken into consideration by CIMO and EUMETNET (Task Force on Present Weather Sensors).

(b) CBS XII was invited to consider Annex IV as the Functional specifications for table-driven BUFR and CREX codes for AWS.  In this regard, CBS XII may wish to refer the contents of Annex IV to the various WMO Technical Commissions and Programmes for review and validation. 

4. DEVELOPMENT OF DEFINITIONS OF VARIABLES CONCERNED
4.1
The meeting had before it, documents providing information relative to:

· An analysis of quantitative definitions of weather phenomena and BUFR descriptors for which observations are required and not defined.

· A proposal on the use of water equivalent in mmh-1 as a means of expressing the intensity of all types of precipitation.

· A review of the outcome of the recent meeting of the Implementation Coordination Team on Data Representation and Codes held in Geneva from 10 to 14 April 2000.

4.2
The meeting reviewed the quantitative definitions of phenomena currently reported by various automated observing systems.  It found that a number of these variables required refinement or needed descriptors for encoding purposes.  The table given in Annex V identifies those meteorological variables requiring better or new descriptors.

4.3
It was found that existing codes, such as the synoptic code were not capable of handling such refinements without incurring major code modifications.  The meeting felt that such code modifications would not be well received by the hydrometeorological community.  Instead the meeting examined other code options including BUFR and CREX and found that such refinements to existing and new coded phenomena had been successfully accomplished in the past.

4.4 The meeting also identified new requirements that could easily be accommodated by the BUFR code due to its expandability (See in Annex V).

4.5
Regarding the Migration Strategy developed by the ICT DR&C, the meeting suggested the following modifications to the outline describing the strategy:

4.5.1 Timetable for the gradual elimination of traditional character codes for international exchange:

· As data producers are able to do so, they should transmit data in real time using both traditional codes and the BUFR code beginning in November 2002.  This period of double transmission will be required to accommodate Member nations unable to meet the November 2002 target date for implementation of the BUFR code.

· By November 2005 elimination of all traditional WMO Code forms for observations and transmission in table codes FM 94 BUFR and FM 95 CREX.

-
By November 2009 (date to be reviewed by CBS in 2006) all observation transmissions will be made in the BUFR only.

4.5.2 Template Design:

· Basic template design and parameter definitions for BUFR will be completed by the end of 2001.

· The template will accommodate the full range of data reported in FM 12 SYNOP, FM 15 METAR and FM 16 SPECI from AWS and other automated composite observation sensors, i.e. present weather sensors.

-
The basic templates will gradually evolve as new observational data sets are incorporated.

4.5.3 Training:

· Distribute documentation addressing the advantages of Table Driven codes (see Annex VI) by the end of 2000.

· A suitable training programme and an improved Guide to Table Driven Codes should be produced by the end of 2002.

· Implement training programme for developing countries and recommend that other countries train their own staff using recommended training materials.

· Training to be completed by the end of 2004.  Elimination of alphanumerical codes (migration to BUFR only) should begin as soon as possible after completion of training.

-
BUFR training for Users should include an approach similar to that used in WMO/TD - No. 862, Part II: Implementation and User Training Considerations.

4.5.4 Implementation Planning:

-
In parallel with training activities, a strategy for the migration to BUFR code should be developed.  This will provide the template for drafting of the Strategic Plan for BUFR Implementation.  The approved Strategic Plan will map the course for implementation of BUFR code as the standard for international exchange of automated weather observation data.

· A comprehensive analysis of the implications on the various WWW areas should be prepared, addressing problems and suggesting solutions.

· The Strategic Plan should be finalized and approved by November 2003.

· The Strategic Plan should be implemented by February 2004. 

4.5.5 Pilot Phase:

-
Part of the implementation strategy should include the conduct of a pilot project testing the entire process from data collection through communication, data processing and management to dissemination to users both national and international. Volunteer Members are expected to take part together with RSMCs and specific users.  The potential impact of international groupings should be also addressed.

Conclusions and recommendations:

(a) The meeting considers that the scheme behind the BUFR and CREX codes provide the best practicable mix for reporting the present and future full range of observational data.  The main features of these codes are their self-description and flexibility.  These features are fundamental in times of rapid scientific and technical evolution.  The BUFR and CREX codes can also be easily expanded to satisfy all observational requirements, without deviating from existing WMO recommendations, even to satisfy needs for specific national and regional data exchange, currently operated in many countries.

(b) The meeting recommends also: 

·  
Close cooperation with CIMO to achieve further refinements and development of definitions of new variables;

·  
Continued further refinement and development of the BUFR/CREX codes to meet new users’ requirements.

(c) The meeting recommends that the new proposals for quantitative definitions of variables required, and additions to BUFR/CREX contained in Annex V be considered by experts of CIMO, ET/EDF and ICT DR&C.

(d) The meeting recommends the use of quantitative measure in mmh-1 and kgm-2s-1 as the means of expressing the intensity of all types of precipitation (water equivalent in case of solid precipitation). Implementation should be achieved through use of the binary codes BUFR and CREX using the respective SI unit kgm-2s-1 in BUFR and mmh-1 in CREX.  The binary codes need to be refined with the respect to reporting water equivalent in kgm-2s-1 and mmh-1.
(e) The meeting supported the early implementation of the binary codes and recommended that the Migration Strategy be further developed as indicated above in paragraph 4.5.

5. REVIEW OF AVAILABLE WMO CODES ON POSSIBLE APPLICATION FOR  TRANSMISSION OF DATA MEETING THE FUTURE REQUIREMENTS AND DEVELOPMENT OF PROPOSALS ON HOW TO PROCEED

5.1
In considering this item, the meeting took into account information concerning:

· The advantages and disadvantages of Code Tables 4680 and 4677 from the WMO Manual on Codes (WMO - No. 306) and proposed changes to them from the point of view of reporting water equivalent in mmh-1;

· Recommendations from CIMO, CBS-ET/AWS and CBS-ET/EDF on the use of BUFR and CREX Codes for AWS.

· A set of basic variables for transmission of Automatic Weather Stations data using BUFR and CREX on which requirements and BUFR and CREX templates are being developed in cooperation with ICT DR&C.

· The work done by ET/AWS and ET/EDF in developing new BUFR and CREX additions to provide AWS with the capability to report quantitative measurements of precipitation and other weather phenomena.

5.2
The meeting considered the proposals concerning the modifications of Code Table 4680 Manual on Codes WMO - No. 306 to allow the reporting of water equivalent precipitation intensity in mmh-1. It also considered the recommendation of ICT DR&C that new requirements for data should be achieved through the use of BUFR or CREX and that no further changes to traditional alphanumeric codes should be allowed. The meeting further considered the proposed timetable for the ICT DR&C Migration Strategy from traditional codes to BUFR/CREX and concluded that the requirement to report precipitation intensity should be achieved according to the ICT DR&C recommendations through the use of BUFR/CREX. The proposals to change Code Table 4680 were not endorsed by the Meeting and were therefore withdrawn. The Meeting also noted that this decision would delay the provision of required data to the user and that any further extension of the proposed ICT DR&C Migration Strategy timetable would increase the problem. 

5.3
The meeting considered the proposals concerning the acceptability of BUFR and CREX as a code form for the transmission of data from AWSs. The coding forms were compared against to a set of compliance requirements derived from the proceedings of the CBS/CIMO Expert Meeting on the Representation of Data from AWS, De Bilt 19-23 April 1999. The meeting concluded that both BUFR and CREX codes were technically fully compliant for use with AWS but also noted that the policy of ICT DR&C was to use only BUFR from 2009. 

5.4
The meeting considered the proposals to provide a set of basic variables for transmission from an AWS together with resulting BUFR and CREX basic template. This work had been carried out in co-operation with ICT/DR&C with a view to providing finalized BUFR templates of common sequences for approval by CBS-XII. The temporal resolution chosen for these transmissions was 10 minutes and each measured element was described by a standard sequence of statistical values; mean, maximum, minimum and standard deviation and the most recent one minute sample. The meeting examined the proposed basic template, which contained 10 sequences of 1-minute data and set of other values to be transmitted every 10 minutes. The meeting noted that the template did not contain values of standard deviation and suggested that these should be included as mandatory for the variables of pressure, air temperature, humidity, wind speed and direction and visibility. The meeting agreed that the template should be amended to include the required values of standard deviation before further submission to CBS.  This first basic template will further evolve into a more complex one.

5.5 The meeting examined the results of the work carried out jointly by ET/EDF, ICT DR&C and ET/AWS towards developing new BUFR and CREX additions for the purpose of reporting quantitative values of precipitation and other weather phenomena. The current proposals from ICT DR&C were reviewed and were found to be largely acceptable for the purpose of reporting quantitative precipitation and other weather phenomena from an AWS according to the guidelines set down at the CBS/CIMO Meeting on the Representation of Data from AWS, De Bilt 19-23 April 1999.  It was noted however that the ICT DR&C proposal did allow the capability of declaring which of the present weather phenomena the AWS can or cannot report. This was found, at De Bilt, to be strong user requirement particularly with respect to thunder detection at aviation sites. In other words it was essential that the user knows if a null report of thunder is due to the non detection of thunder from a working sensor rather than non detection from a faulty or non existent sensor. The meeting agreed to refer this problem back to ICT DR&C for further collaborative effort between ET/AWS, ICT DR&C and ET/EDF to achieve a solution.  The meeting also noted that this work was originally sponsored as a result of recommendations from the CIMO Expert Meeting on the Automation of Visual and Subjective Measurements, Trappes, 14-16 May 1997. The meeting, therefore, recommended that the new Present Weather (PW) codes should be referred back to CIMO to ascertain whether they provide the opportunity to modify or improve measurement techniques.

5.6
In conclusion, the Chairman noted that the successful development of the new PW codes had only been possible through the excellent working collaboration between the CBS and CIMO ETs.  He expressed his warm appreciation to those team members involved.  

5.7
The Meeting also considered the paper on Reporting of Meteorological Optical range (MOR), drawing attention to the differing practices used to measure and report visibility. The meeting supported a recommendation that a new BUFR table should be designed to provide details of the visibility measurement methodology being used and to allow this information to travel with the observation message.  

Conclusions and recommendations:

(a) The meeting recommended the approval of proposals for additions to the BUFR/CREX Weather Phenomena as reflected in Annex VII. It noted however, that the ICT DR&C proposal for reporting quantitative values of precipitation and other weather phenomena did not allow the capability of declaring which of the present weather phenomena the AWS can or cannot report.  The meeting, therefore, recommended that this problem be referred back to ICT DR&C for further collaborative effort to achieve a solution.

(b) The meeting recommended that the new Present Weather (PW) codes should now be referred back to CIMO to ascertain whether they provide the opportunity to modify or improve measurement techniques.

(c) The meeting recommended that work on modifications to the alphanumeric codes be stopped and that attention should instead be given to refining the binary codes BUFR and CREX for AWS data representation.

(d) The meeting submitted the revised set of basic variables that are to be reported by the AWS (see Annex VIII) to the ICT DR&C and requested the ICT DR&C to develop appropriate BUFR and CREX basic templates and additions.

(e) The meeting recommended the development of a compliance list for an AWS coding scheme.

6. STANDARDIZATION AND QUALITY CONTROL ISSUES

6.1
The meeting had before it documentation concerning:

· Quality control procedures for AWS Data.

· Standardization of precipitation reporting practice.

· Quantitative measurement and reporting of precipitation intensity.

6.2
The meeting noted that quality control procedures and standardization of quality monitoring of AWS’s data were becoming more and more important in view of the introduction of new and more sophisticated sensors and processing algorithms. 
6.3
Also, quality control of precipitation data was difficult because of lack of standardization in reporting procedures.  For example: some NMHSs reported zero values, others did not; some report 6-hourly values, some 12-hourly and others 24-hourly.  The meeting addressed this issue upon the request from the OPAG-IOS and found the following: If changes to FM 12 SYNOP were allowed the meeting would recommend the use of multiple 6RRRtR groups;  in Section 1 it would be mandatory to report the 6-hourly period with tR set to 1. Also each Region would be allowed one additional period chosen to match their diurnal phase. The meeting would also recommend the use of a group with tR= 0 to represent the instantaneous quantitative measurement of rate of precipitation. In Section 3 the 3-hourly report (tR=7) would be the mandatory group with an hourly report (tR=5) added for bilateral exchange if required. Ideally the hourly amount should be reported with 0.1 mm resolution using iR to indicate the scale change.

6.4
The meeting also considered an algorithm for defining the intensity of precipitation, proposed by CIMO which uses mean of the highest three 1-minute values occurring in the previous 10 minutes. The meeting was concerned that this algorithm would not allow the calculation of the true variability of the precipitation intensity. The meeting therefore, recommended that the new BUFR codes for reporting quantitative values of precipitation should be exploited to allow the multiple reporting of contiguous 1-minute periods to allow the user to choose the most suitable period for defining the period of intensity calculation.

Conclusions and recommendations:

(a) The meeting was of the opinion that the real-time quality control of data from AWS should be performed at two levels with the information of the quality control output  represented in the BUFR code and disseminated to users:

· Basic quality control procedures should be applied at the AWS. This would have to take care of technical monitoring (instrument and measurement status) as well as monitoring of measurement range and the time variance of the signal.

· Extended quality control (High QC) procedures should be applied at the national Data Processing centre. This would include logical relations among a number of variables (inconsistencies). It should take advantage of the BUFR code, which allows better representation of all data.

(b) The meeting emphasized the strong need to discuss, develop and implement the basic guidelines for quality management.  It expressed the wish to be involved in the process of discussion and development.

(c) The views of the meeting on standardization and reporting procedures of precipitation were based on current user requirements. However, amendments to the alphanumeric code FM 12 SYNOP, even if practicable, may not provide an intermediate solution with the respect to the Migration Strategy from alphanumeric to binary codes.  On the other hand the standardization of precipitation reporting practice could be easily handled by the BUFR code and implementation of it was therefore recommended.

(d) The meeting recommended that CIMO reconsiders the need to define the intensity of precipitation.

7.
FUTURE WORK PLAN

7.1
A proposal for the Future Work Plan in the area of Requirements and Representation of Data from Automatic Weather Stations is given in the Annex IX.

8.
CLOSURE OF THE SESSION

8.1
The meeting closed at 17:00 hours on Friday 7 July 2000.

_______________________
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FUNCTIONAL SPECIFICATIONS 
for the table-driven BUFR and CREX codes 
to support present and future Automatic Weather Station applications

VARIABLE - Description
Min.  Reported Resolution
Max.  Effective Range
Mode of Observation
Min. Reporting Interval
BUFR / CREX








AIR PRESSURE






Surface Pressure
0,1 Pa
500 to 1080 hPa
Inst.,   Variability
30 minutes
0 10 004

AIR TEMPERATURE






Ambient Air Temperature (over specified surface)
0,1K, °C
-80 °C to +60 °C
Inst., Variability
10 minutes
0 12 001

Height of Inversion
1 m 
up to 1 000 m
Inst., Variability
10 minutes
N

Type of surface specified
Table
up to 10-15 types
Inst., Variability
10 minutes
N

RELATIVE HUMIDITY






Relative Humidity  
1%
0 to 100%
Inst., Variability
10 minutes
0 13 003

WIND 






 Direction 
1 degree
0 to 360 degrees
Inst., Variability
2 minutes
0 11 001

Speed 
0,1 m s-1 
0 to 250 m s-1
Inst., Variability
2 minutes
0 11 002

X,Y,Z component of Wind Vector (Horizontal and Vertical Profile)
0,1 m s-1 
0 to 250 m s-1
Inst., Variability
2 minutes
N

Turbulence type                                          (Low levels and wake vortex)
Table
up to 15 types
Inst., Variability
2 minutes
N

Turbulence intensity
Table
up to 15 types
Inst., Variability
2 minutes
N

RADIATION






Background Luminance
1.10-6 Cd m-2
1.10-6 to 20 000      Cd m-2
Inst., Variability
1 minute
N

Global Downward Solar Radiation 
1 J m-2
0 to 6.106 J m-2
Inst., 1 hour total, Variability
15 minutes
N

Global Upward Solar Radiation
1 J m-2
0 to 4.106 J m-2
Inst., 1 hour total, Variability
15 minutes
N

Diffuse Solar Radiation
1 J m-2
0 to 4.106 J m-2
Inst., 1 hour total, Variability
15 minutes
0 14 023

Direct Solar Radiation
1 J m-2
0 to 5.106 J m-2
Inst., 1 hour total, Variability
15 minutes
0 14 025

Downward Longwave radiation
1 J m-2
0 to 3.106 J m-2
Inst., 1 hour total, Variability
15 minutes
N

Upward Longwave radiation
1 J m-2
0 to 3.106 J m-2
Inst., 1 hour total, Variability
15 minutes
N

Net Radiation
1 J m-2
0 to 6.106 J m-2
Inst., 1 hour total, Variability
15 minutes
0 14 016

UV-B Radiation
1 J m-2
1,2.103 J m-2
Inst., 1 hour total, Variability
15 minutes
N

Photosynthetically Active Radiation
1 J m-2
0 to 3.106 J m-2
Inst., 1 hour total, Variability
15 minutes
N
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VARIABLE - Description
Min.  Reported Resolution
Max.  Effective Range
Mode of Observation
Min. Reporting Interval
BUFR / CREX

CLOUDS






Cloud base height
1 m
< 30 km
Inst., Variability
10 minutes
0 20 013

Cloud top height
1 m
< 30 km
Inst., Variability
10 minutes
0 20 014

Cloud type, convective vs. other types
Table
up to 30 classes
Inst.
10 minutes
0 20 012

Cloud hydrometeor concentration
1hydrometeor dm-3
1 to 700 hydrometeors dm-3
Inst., Variability
15 minutes
N

Effective radius of cloud hydrometeors
2.10-5 m
2.10-5 to 3,2.10-4 m
Inst., Variability
15 minutes
N

Cloud Liquid Water Content
1.10-5 kg m-3
1.10-5 to 1,4.10-2      kg m-3
Inst., Variability
15 minutes


Optical depth within each layer
To be determined later
To be determined later
Inst., Variability
10 minutes
N

Total cloud cover
1% 
0 to 100% 
Inst., Variability
10 minutes
0 20 010

PRECIPITATION






Accumulation
0,1 kg m-2, 0.1 mm
0 to 500 mm
Average
60 minutes
0 13 011

Duration
1 s
up to 3600 s
Total
60 minutes
N

Size of precipitating element
0.001 m
up to 1 m
Inst., Variability
5 minutes
N

Intensity - quantitative
0,1 kg m-2 s-1,           0,1 mm hr-1
0-800 mmh-1
Inst., Variability
10 minutes
0 13 055

Type  
Table
up to 21 types
Inst., Variability
5 minutes
0 20 021

OBSCURATIONS






Obscuration Type                                                  
Table
up to 30 types
Inst., Variability
10 minutes
0 20 025

Hydrometeor type
Table
up to 30 types
Inst., Variability
10 minutes
0 20 025

Lithometeor type
Table
up to 30 types
Inst., Variability
10 minutes
0 20 025

Hydrometeor radius
2.10-5 m
2.10-5 to 320.10-6 m
Inst., Variability
10 minutes
N

Horizontal - Extinction Coefficient 
0,001 m-1
0 to 1 m-1
Inst., Variability
1 minute
N

Slant - Extinction Coefficient 
0,001 m-1
0 to 1 m-1
Inst., Variability
1 minute
N

MOR
1 m
1 to 104 m
Inst., Variability
1 minute


Mass Mixing Ratio
1%
1 to 100 %
Inst., Variability
10 minutes
N

Optical Depth of Fog
To be determined later
To be determined later
Inst., Variability
5 minutes
N

LIGHTNING






Lightning rates of discharge
Number hr-1
unlimited
Inst., Variability
5 minutes
0 13 059

Lightning Discharge Type (cloud to cloud, cloud to surface)
Table
up to 10 types
Inst., Variability
5 minutes
N

Lightning Discharge Polarity
Table
2 types
Inst., Variability
5 minutes
N

Lightning Discharge Energy
To be determined later
To be determined later
Inst., Variability
5 minutes
N

Lightning - Distance from station
1000 m
up to 30 km
Inst., Variability
5 minutes
N

Lightning - Direction from station
1 degree
1 to 360 degrees
Inst., Variability
5 minutes
N

SPECIAL WEATHER PHENOMENA






Other Weather Type
Table
up to 18 types
Inst., Variability
10 minutes
0 20 023

Annex IV, p.3

VARIABLE - Description
Min.  Reported Resolution
Max.  Effective Range
Mode of Observation
Min. Reporting Interval
BUFR / CREX








HYDROLOGIC OBSERVATIONS






Flow discharge - river
0,1 m3 s-1
up to 250 000     m3 s-1
Inst., Variability
5 minutes
0 23 017

Flow discharge - well
0,001 m3 s-1
50  m3 s-1
Inst., Variability
Daily
0 23 017

Ground Water Level
0.01 m
up to 1 800 m
Inst., Variability
Daily
N

Ice surface temperature
0,5 K, 0,5 °C
-80 °C to +0 °C
Inst., Variability
Daily
N

Ice thickness - river, lake
0,01 m
up to 50 m
Inst., Variability
Daily
N

Ice thickness - glacier, sea
1 m
up to 4 270 m
Inst., Variability
Daily
0 20 031

Water level
0,01 m
up to 100 m
Inst., Variability
5 minutes
N

Water temperature - river, lake
0,1 K, °C
-0 °C to +50 °C
Inst., Variability
60 minutes
0 13 082

Water temperature - well
0,1 K, °C
-0 °C to +100 °C
Inst., Variability
60 minutes
N

Wave Height
0,5 m
up to 50 m
Inst., Variability
60 minutes
0 22 021

Sea Salinity
part per thousand
up to 50 parts per thousand
Inst., Variability
60 minutes
0 22 062

OTHER SURFACE VARIABLES






Ice Thickness
0,015 mm
up to 3 m
Total
60 minutes
0 20 031

Ice mass
500 g m-1 (on 32 mm rod)
0 to 50 kg m-1
Total
60 minutes
N

Icing Rate
1 g dm-2 hr-1
0 to 1 kg dm-2 hr-1
Inst., Variability

N

Runway Conditions
Table  
up to 10 types
Inst., Variability
10 minutes
N

Braking Action/Friction Coefficient
Table  
up to 7 types
Inst., Variability
2 minutes
N

Snow density (liquid water content)
1 kg m-3 
100 to 700 kg m-3 
Total
Daily
N

Snow depth
0,01 m
up to 25 m
Total
60 minutes
0 13 013

Snow Temperature   
0,1K, °C
-80 °C to +10 °C
Inst., Variability
60 minutes
N

Soil Moisture, Volumetric or Water Potential
1 g kg-1
up to 1000 g kg-1
Inst., Variability
60 minutes
N

Soil Temperature
0,1K, °C
-50 °C to +50 °C
Inst., Variability
60 minutes
0 12 030

State of Ground
Table  
up to 30 types
Inst., Variability
10 minutes
0 20 062

Surface Albedo
1%
1 to 100 %
Inst., Variability
60 minutes
0 14 019

OTHER






Gamma Radiation Dose
1 nSv h-1 
1 to 10 nSv h-1 
Inst., Total
10 minutes
N

Categories of Stability
Table
9 types
Inst., Variability
10 minutes
0 13 041
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VARIABLE - Description
Min.  Reported Resolution
Max.  Effective Range
Mode of Observation
Min. Reporting Interval
BUFR / CREX








AIR QUALITY






O3
0,1 ppb
0,1 to 1 000 ppb
Mean
60 minutes
0 15 001

SO2
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


NO2
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


NO
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


Nox
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


Total Suspended Particles (dust)
1.10-7 gm-3 
1.10-7 to 10 gm-3 
Mean
30 minutes


CO
0,01 ppm
0,01 to 100 ppm
Mean
30 minutes


H2S
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


HC (Hydrocarbons)
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


NMHC (Non methan hydrocarbons)
0,1 ppb
0,1 to 20 000 ppb
Mean
30 minutes


NOTES:






1. Reserve code for sensor status, type of instrument and type of shielding for temperature and humidity

2. Reserve code for augmentation status

3. Inst. - Instantaneous as defined in WMO-No.8, Part II, para. 1.3.2.4

4. BUFR/CREX - current ability to represent  variable by existing Code/Flag Table 

Annex V

REQUIREMENTS FOR NEW DEFINITIONS AND ADDITIONS TO BUFR/CREX

List of definitions and descriptions to be refined with the respect of data from AWS:

· Thunderstorm intensity;

· Present weather and methodology for the estimation and reporting of the present weather variable;

· Precipitation intensity and its threshold (0.05 mmh-1);

· Fall speed for precipitation elements;

· Cloud base/top height;

· Optical depth of cloud/layer;

· Amount of low, middle and high clouds (BUFR element descriptors 020051, 020052, 020053);

· Character of precipitation (continuous and intermittent); 

· Duration of precipitation;

· Snow temperature

List of new Element Descriptors in BUFR/CREX (Class B) for required variables, namely:

· Thunderstorm, lightning: type, intensity, location - distance from station + instrumentation;

·  Turbulence type; turbulence intensity + instrumentation;

· Type of surface (concerning air temperature);

· Optical depth of cloud/layer + instrumentation;

· Optical depth of fog + instrumentation;

· Extinction coefficient + instrumentation;

· Snow temperature;

· Temperature profile of snow cover + instrumentation;

· Soil moisture + instrumentation;

· Background luminance + instrumentation;

· Internal measurement status information (i.e. hardware error, warning);

· Sky Condition Algorithms (Code table) + definition (descriptions of them);

· Present Weather Sensor Types (Code table);

· Global downward/upward solar radiation + instrumentation;

· Downward/upward longwave radiation + instrumentation;

· UV-B radiation + instrumentation;

· Duration of precipitation + instrumentation;

· Size of precipitating element + instrumentation;

· Hydrometeor radius + instrumentation;

· Runway conditions;

· Braking actions/Friction Coefficient + instrumentation.
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THE WMO TABLE DRIVEN CODES: THE 21ST CENTURY UNIVERSAL OBSERVATION CODES 

ABSTRACT

The table driven codes BUFR (Binary Universal Form for the Representation of meteorological data) and CREX (Character form for the Representation and EXchange of data) offer great advantages in comparison with the traditional alphanumeric codes.  The main features of these codes are self-description, flexibility and expandability, which are fundamental in times of fast scientific and technical evolution.  The advantages of Table Driven Codes versus traditional Alphanumeric Codes are demonstrated.  The principles of the structure of the codes are developed.  Specific and Common features of BUFR and CREX are explained.  Examples related to the coding of a SYNOP message and an ozone sounding are given.  In summary, the self description, the flexibility and the expandability render these data representation forms easy to maintain.  In addition, BUFR allows condensation (packing), quality flags and associated values.  CREX permits simple readability.  These codes are universal permitting the representation of any type of observations.  They are the ideal codes for coding observations and the most adapted to the fast scientific and technological evolution of the 21st Century.  They are the last observation codes that WMO had to design.  BUFR and CREX can be easily expanded to satisfy all observational requirements, without deviating from WMO recommendations, even to answer national needs for specific domestic data exchange, as it is presently the case in many Countries.

THE WMO TABLE DRIVEN CODES: THE 21ST CENTURY UNIVERSAL OBSERVATION CODES
INTRODUCTION

1. The table driven codes BUFR (Binary Universal Form for the Representation of meteorological data) and CREX (Character form for the Representation and EXchange of data) offer great advantages in comparison with the traditional alphanumeric codes.  The main features of these codes are self-description, flexibility and expandability, which are fundamental in times of fast scientific and technical evolution.  In addition, BUFR offers condensation (packing).  The alphanumeric code CREX provides simple readability but no packing, although compression could be applied to it by usually available commercial packages.  BUFR has been approved for operational use in 1988.  It has been used mainly, so far, for satellite, aircraft and wind profiler observations, but also for tropical cyclone information and for archiving of all types of observational data.  CREX had been approved as an experimental Code by CBS Ext.94, starting on 2 November 1994.  CBS Ext. 98 recommended CREX as an operational data representation code form from 3 May 2000.  This was endorsed by EC-LI (1999).  CREX is already used among centres for exchange of ozone data, radiological data, hydrological data, tide gauge data and soil temperature data.  BUFR should always be used to exchange observations internationally.  CREX should be used only if binary transmission is not possible.  These two codes are the only codes that WMO needs for observation coding and are recommended for all present and future WMO applications.
2.
THE DIFFERENCE BETWEEN THE FIXED ALPHANUMERIC CODES AND THE TABLE DRIVEN CODES
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2.1
What does this character string mean in an alphanumeric codes?: 32325   11027?

Nddff    1snTTT?

N = Total cloud cover, dd = wind direction from which it is blowing, ff = wind speed

The position and the coding convention (the symbolic form) define the data: ddffN or ffddN or Nddff?

In a table driven code, there are also position rules, but those apply only to the frame, to the shape of the «container» rather than to the content itself.  The presence of a datum is described in the message itself: it is the self-description feature.  There will be a section at the beginning of the report, which defines what data are transmitted in this message.  That section will in fact contain pointers towards elements in predefined and internationally agreed tables (stored in the official WMO Manual on Codes).  Once this section (the Data Description Section) is read, the following part of the message containing the data (the Data Section) can be understood.  Indeed, the characteristics of the parameters to be transmitted must already be defined in the tables of the WMO Manual.  The "pointers" in the Data Description Section are in fact numbers called descriptors, which correspond to entries in the BUFR/CREX tables (see paragraph 3).

2.2
The layout of the BUFR and CREX codes are the following:
BUFR

SECTION 0  Indicator Section
SECTION 1  Identification Section  
SECTION 2  (Optional Section) 
SECTION 3  Data Description Section
SECTION 4  Data Section
SECTION 5  End Section
CREX

SECTION 0  Indicator Section 
SECTION 1  Data Description Section 
SECTION 2  Data Section 
SECTION 3  (Optional Section) 
SECTION 4  End Section
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Sections 0 and 1 in BUFR and Section 0 in CREX are short sections, which identify the message.  Section 2 in BUFR and Section 3 in CREX are optional sections that can be used to transmit any information or parameters for national purpose.  It is somehow the equivalent of national groups in traditional alphanumeric codes.

2.3
In CREX and BUFR the parameters are simply listed as required by the user of the codes (in fact the data producer).  CREX and BUFR offer flexibility and self-description.  The datum are laid out one after the other, thus, it is very simple to read a CREX message.  An item (the data value of a parameter to be transmitted in a report) will be translated in a set of characters (bytes) in CREX.  It will be translated in a set of bits in BUFR.  CREX is the image in characters of BUFR bit fields.

2.4
When there is a requirement for transmission of new parameters or new data types, new elements are simply added to the WMO BUFR and CREX Tables (to be agreed by CBS).  Table driven codes can transmit an infinity of information.  There is total flexibility.  Definition of new «codes» as such is no more necessary.  Expansion of tables is sufficient.  Procedures and regulations are fixed.  An edition number is associated for every new layout (not a frequent change).  Edition number of the format (layout of the message) and version number of the tables are transmitted in the message itself (in Indicator and Identification sections for BUFR, in Data Description section for CREX) and enable the treatment of old archived data.

3.
BUFR AND CREX TABLES

3.1
Tables define how the parameters (the elements) shall be coded as data items in a BUFR or CREX message (i.e. units, size, scale).  They are recorded in the publication no 306 of WMO, the Manual on Codes, Volume I.2, Part B – Binary Codes and Part C – Common features to Binary and Alphanumeric Codes.  The Manual on Codes comprises also Volume I.1 - Part A, Alphanumeric Codes and Volume II: Regional Codes and National Coding Practices.  The Tables defining BUFR and CREX coding are the Tables A, B, C, and D.
3.2
Table A defines the data category (e.g. Surface data – land, surface data-sea, vertical soundings).

3.3
Table B: The list of elements (parameters) is defined in BUFR and CREX Tables B.  The same elements are found in BUFR and CREX Tables B but their unit may differ.  BUFR units are SI; while CREX units are more user oriented (e.g.: for temperature Kelvin in BUFR, Celsius in CREX).  The table reference column lists the descriptors (their identification number) which are defining the elements.  The data items transmitted in a report will have their descriptors listed in the Data Description Section.  See below, as example, extracts of BUFR and CREX Table B for Temperature:
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Temperature (in BUFR)

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA WIDTH (BITS)

F
X
Y






0
12
001
Temperature/dry-bulb temperature
K
1
0
12

0
12
002
Wet-bulb temperature
K
1
0
12

0
12
003
Dew-point temperature
K
1
0
12

0
12
004
Dry-bulb temperature at 2 m
K
1
0
12

0
12
005
Wet-bulb temperature at 2 m
K
1
0
12

0
12
006
Dew-point temperature at 2 m
K
1
0
12

0
12
007
Virtual temperature
K
1
0
12

0
12
011
Maximum temperature, at height and over period specified
K
1
0
12

0
12
012
Minimum temperature, at height and over period specified
K
1
0
12

Note:
To encode values in BUFR, the data (in the units as specified in the UNIT column) must be multiplied by 10 to the power of SCALE and then, the REFERENCE VALUE must be subtracted to them.

 Temperature (in CREX)

Reference 
Element name 
Unit 
Scale 
Data width

B 12 001
Temperature/dry-bulb temperature
°C
1
3

B 12 002
Wet-bulb temperature 
°C
1
3

B 12 003
Dew-point temperature 
°C
1
3

B 12 004
Dry-bulb temperature at 2 m 
°C
1
3

B 12 005
Wet-bulb temperature at 2 m 
°C
1
3

B 12 006
Dew-point temperature at 2 m
°C
1
3

B 12 007
Virtual temperature
°C
1
3

B 12 011
Maximum temperature, at height and over period specified
°C
1
3

B 12 012
Minimum temperature, at height and over period specified 
°C
1
3

Note:
To encode values in CREX, the data (in the units as specified in the UNIT column) must be multiplied by 10 to the power of SCALE.  In the example above, data will be thus encoded in 10th of Degree Celsius.
3.4
TABLE D:  A group of data items always transmitted altogether (like a regular SYNOP or TEMP report) can be defined in what is called a common sequence descriptor, so that, the individual element descriptors will not need to be repeated each time in the data description section.  It is only the common sequence descriptor, which will be listed in the data description section.  The Common Sequences are defined in BUFR and CREX Tables D.  An example of BUFR Table D is shown below (the common sequences descriptor number are listed in the Table Reference F X Y column):
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- Meteorological sequences common to surface data

TABLE

REFERENCE
TABLE

REFERENCES
ELEMENT NAME

F
X
Y



3
02
001
0
10
004
Pressure (at station level)




0
10
051
Pressure reduced to mean sea level




0
10
061
3-hour pressure change




0
10
063
Characteristic of pressure tendency















(High altitude station)

3
02
002
0
10
004
Pressure (at station level)




0
07
004
Pressure level




0
10
003
Geopotential of pressure level




0
10
061
3-hour pressure change




0
10
063
Characteristic of pressure tendency









3
02
003
0
11
011
Wind direction (10 m)




0
11
012
Wind speed (10 m)




0
12
004
Temperature (2 m)




0
12
006
Dew point (2 m)




0
13
003
Relative humidity




0
20
001
Horizontal visibility




0
20
003
Present weather




0
20
004
Past weather (1)




0
20
005
Past weather (2)

4.
COMMON FEATURES TO BUFR AND CREX

4.1
For Tables A, B and D, entries numbering are the same in CREX Tables and BUFR Tables for the same entity represented.  Table B entries are listed both in BUFR and CREX.  Table D common sequences are not defined in both CREX Table D and BUFR Table D.  However, if a CREX Table D sequence is not defined in BUFR Table D, it has a number, which is not used by any BUFR sequences.  Similarly, BUFR Table D sequences have numbers, which are not used by any CREX Table D sequences.  There are also ranges of numbers for descriptors outside the international agreed range of numbers which can be used to define special descriptors or sequences for national local purpose only, and thus enable the domestic exchange of special national data.

4.2
Code Table or Flag Tables: An element based on a Code (e.g. Cloud Type) or a set of conditions defined by flags to be set (i.e. set of bits put to value 1) will have an associated Code Table or Flag Table (in the unit column of Table B, “Code table “ or “Flag table” will be written).  BUFR and CREX Code and Flag Tables are identical.  In CREX, flag values are coded in octal representation.  Examples of Code Table and Flag Table are listed below:
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Cloud amount
Code

figure



0
0
0

1
1 okta or less, but not zero
1/10 or less, but not zero

2
2 oktas 
2/10 ‑ 3/10

3
3 oktas 
4/10

4
4 oktas 
5/10

5
5 oktas 
6/10

6
6 oktas
7/10 ‑ 8/10

7
7 oktas or more, but not 8 oktas
9/10 or more, but not 10/10

8
8 oktas 
10/10

9
Sky obscured by fog and/or other meteorological phenomena

10
Sky partially obscured by fog and/or other meteorological phenomena

11
Scattered

12
Broken

13
Few

14
Reserved

15
Cloud cover is Indiscernible for reasons other than fog or other meteorological phenomena, or observation is not made 

0 02 002

Type of instrumentation for wind measurement

Bit No
Type of Instrumentation and original units for wind measurement (measured in m s‑1 unless otherwise indicated)

1
Certified Instruments

2
Originally measured in knots

3
Originally measured in kmh-1

All 4
Missing value
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Figure 1

4.3
The self‑descriptive feature of BUFR and CREX leads to another advantage over traditional alphanumeric character codes: the relative ease of decoding a BUFR (or a CREX) message.  Where a large number of specialized and complex programs are needed to decode the plethora of character codes in current use, only a single "universal BUFR (or CREX) decoder" program is capable of decoding any BUFR (or CREX) message.  It is not a trivial task to write such a BUFR decoder, but once it is done, it is done for all time.  The program does not need to be modified with changes in observational requirements; only the tables need to be augmented, a relatively trivial task.  The program needs to keep in memory the BUFR Tables.  In figure 1 the decoding process is summarized:

· the decoder identifies the successive descriptors from the Data Description Section.  If the descriptor is a common sequence descriptor, the decoder goes to Table D to find the element descriptors listed in the sequence and then go to Table B to find the characteristic of the element descriptors (units, scale, reference value, width).  Then the decoder can decode properly the corresponding data values from the Data Section.  If the descriptor from the Data Description Section is an element descriptor, the decoder goes directly to Table B.

· If in Table B, the unit column of the element descriptor contains "Code table" or "Flag table", the interpreter of the decoded data will have to examine the corresponding code table or flag table to understand the meaning of the coded value.  The interpreter could also be, in some cases, an automatic process, which acts depending on the value of the code or the flags.
5.
SPECIFIC FEATURES

5.1 BUFR offers condensation, therefore voluminous data (ex. satellites, ACARS, wind profilers) will require less resources for transmission and stocking.  Condensation (packing) 
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is performed by an algorithm defined within the code regulations.  BUFR also permits the transmission of associated data (flags, substituted values) with the original observation data.  However, the big disadvantage is that human cannot read BUFR data directly.  BUFR processing does assume the availability of well designed computer programs (decoder and encoder for the reverse) that are capable of parsing the descriptors, matching them to the bit stream of data and extracting the numbers from the bit stream, and reformatting the numbers in a way suitable for subsequent calculations.  The bit oriented nature of the message also requires the availability of bit transparent communications systems which modern means, like TCP/IP protocol (INTERNET) or the already old X.25 protocol, offer.  Such protocols have various error detecting schemes built in so there need be little concern about the corruption of information in the transmission process.
5.2
CREX provides human readability.  It is easy to understand, to code and to read (to decode) with only several hours of explanation.  It requires for the transmission of big or many reports a substantial amount of characters.  CREX tables have the same parameters as BUFR tables and are ruled by similar regulations. CREX is somehow the image of BUFR in characters.  CREX is simpler than BUFR, but CREX does not offer the packing, nor the facility of coding associated data (quality control information, substituted values), that BUFR permits.

6.
EXAMPLE FOR SYNOP:

· In alphanumeric code form FM 12 SYNOP:

· AAXX 09091

· 03075 41480 62413 11073 21105 39962 40001 55019 71562 86800=

· In code form FM 95 CREX:

· CREX ++ 







   Indicator Section
· T000101 A000  D07999++




          Description Section

· 03 075 1 1989 01 09 09 00039 5845 -00308 0030 3000 075 240 0013 -073 -105 09962 10001 05 0019 015 07 02 075 38 20 10++


         Data Section

· 7777








           End Section
· or with check digit (one figure inserted before each parameter allowing better transmission control):

· CREX ++

· T000101 A000  D07999E++
·  003 1075 21 31989 401 509 609 700039 85845 9-00308 00030 13000 2075 3240 40013 5-073 6-105 709962 810001 905 00019 1015 207 302 4075 538 620 710++

7777
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Interpretation of the example:

Encoded in     SYNOP
Encoded in CREX
Name of the element
Decoded value
CREX Data Section


CREX

Indicator of a CREX message




 T000101

CREX Master Table Number 00, Edition 01, Version 01




 A000

Data type  (000 = Surface data – land)




 D07999

See note below


II = 03

iii = 075

B 01 001
WMO block number

03



B 01 002
WMO station number

075

iR = 4


no counterpart needed in CREX 



ix = 1

B 02 001
Type of station  
manned
1



B 04 001
Year (of observation)

1989



B 04 002
Month (of observation)

01



B 04 003
Day (of observation)

09



B 04 004
Hour (of observation)

09



B 07 001
Height of station (barometer)
39 m
00039



B 05 002
Latitude (coarse accuracy)
58.45 deg.
5845



B 06 002
Longitude (coarse accuracy)
- 3.08 deg.
-00308

h = 4

B 20 013
Height of base of cloud
300 m
0030

VV = 80

B 20 001
Horizontal visibility
30 km
3000

N = 6

B 20 010
Cloud cover (total)
6/8 = 75 %
075

dd = 24

B 11 011
Wind direction at 10 m
240 degrees
240

ff = 13 

B 11 012
Wind speed at 10 m
13 m/s
0013

snTTT = 1073

B 12 004
Dry-bulb temperature at 2 m
- 7.3 oC
-073

snTdTdTd  = 1105

B 12 006
Dew-point temperature at 2 m
- 10.5 oC
-105

P0P0P0P0 = 9962

B 10 004
Pressure
996.2 hPa
09962

PPPP = 0001

B 10 051
Pressure reduced to mean sea level
1000.1 hPa
10001

a = 5

B 10 063
Characteristic of pressure tendency

05

ppp = 019

B 10 061
3-hour pressure change
1.9 hPa
0019

ww = 15

B 20 003
Present weather 
precipitation      in sight
015

W1 = 7

B 20 004
Past weather (1)
snow
07

W2 = 2

B 20 005
Past weather (2)
more then 1/2 of the sky covered
02

Nh = 6

B 20 051
Amount of low clouds
6/8 = 75 %
075

CL = 8

B 20 012
Cloud type (Type of low clouds)
Cu and Sc
38

CM = 0

B 20 012
Cloud type (Type of middle clouds)
no CM clouds
20

CH = 0

B 20 012
Cloud type (Type of high clouds)
no CH clouds
10




End of Data Section

++

 


End of the CREX message
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Note:

The sequence descriptor 07999 represents a sequence of the element descriptors B01001, B01002, B02001, ......, B20012 as given in the third column.  The sequence descriptor D07999 is hypothetical and has been created for the purpose of this example.  Apart from the time identification (Year, Month, Day, Hour) and coordinate locations (barometer height, latitude, longitude) the sequence of the elements in the CREX message corresponds to the sequence of the elements in the above presented SYNOP report.  The systematic passing of geographical coordinates, easily performed with the table driven codes, would alleviate the famous Volume A problems.  The Volume A is updated with too much delay by the secretariat, which sometimes receives late or never the updates that the Countries should 
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send.  That solution would solve 98% of the wrong coordinates for a station.  The remaining 2% errors are and would remain the station itself which has being incorrectly located.  E, if present at the end of the Description Section, indicates the presence of check digit in front of each data value.

7.
OPERATION DESCRIPTORS 

7.1
Table C corresponds to a set of operations which can be performed within the Data Description Section of the message.  It contains operator descriptors which, for instance, can be used to modify the characteristic of the elements in Table B.

7.2
There is also an operator which defines the repetition (or replication) of a set of data descriptors (and therefore the corresponding repetition of the data values in the Data Section).  This feature will be used to give the number of levels in a sounding.  In CREX, the operators have been simplified.

7.3
The CREX operator descriptors are: R for repetitions and C for change of characteristic.

·  R: repetitions,  Rxxyyy

· xx: number of following descriptors to be repeated

· yyy: number of repetitions (if yyy= 0, it means delayed, that means the number of repetitions will be known only when the report is transmitted - for example, for a sounding, the number of characteristic levels will be put into the data section)

· TABLE C: Operator descriptors, Cxxyyy, where yyy = new value and xx =

· 01: CHANGE OF ELEMENT SIZE

· 02: CHANGE OF SCALE

· 07: CHANGE OF UNITS

· 05: INSERTION OF CHARACTERS CCITT5

· 60: NATIONAL LETTERS INSERTION
Annex VI, p.12

8.
EXAMPLE OF AN OZONE SOUNDING

*EXAMPLE OF AN OZONE SOUNDING IN CREX*
CREX++




T000101




A008 




D01001
:
WMO station and block number
71




917

B01015
:
station or site name
Eureka^^^^^^^^^^^^^^

D01024
:
latitude
7598



longitude
-08593



elevation
00010

B08021
:
18 = launch time follows
18

D01011
:
year
1998



month
04



day
29

D01012
:
hours
23



minutes
18

B02011
:
radiosonde type
061

B02143
:
ozone instrument type
019

B02142
:
ozone sonde serial number
////

D15004
:
ozone sounding correction factor
////

D15005
:
ozone p
375

R04000
:
delayed replication factor = number of levels
0082

The next four descriptors are repeated 82 times

B04015
:
time increment since launch time (minutes)
see below

B08006
:
ozone VSS
see below

B07004
:
pressure
see below

B15003
:
measured ozone partial pressure
see below

++




7777

end of message
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ACTUAL CREX MESSAGE:

KULA01 CWAO 051800

CREX++

T000101 A008 D09040++

71 917 EUREKA               7598 -08593 00010 18 1998 04 29 23 18

 061 019 //// //// 375 0082

 0000 400 10137 030 0000 200 10000 030 0001 002 09687 037

 0002 002 09366 033 0004 002 08831 037 0005 200 08500 036

 0007 002 08013 043 0007 002 07881 047 0008 002 07646 037

 0009 002 07442 042 0011 200 07000 031 0012 002 06849 027

 0013 002 06710 036 0015 002 06291 029 0022 200 05000 028

 0025 002 04557 027 0029 002 04065 024 0029 200 04000 020

 0032 002 03626 025 0038 002 03000 020 0040 002 02890 021

 0040 002 02829 065 0041 002 02726 105 0043 002 02576 118

 0044 200 02500 135 0048 002 02218 165 0049 002 02147 161

 0050 002 02104 171 0051 002 02031 153 0051 002 02010 159

 0051 200 02000 171 0052 002 01941 188 0054 002 01854 198

 0056 002 01744 187 0056 002 01717 194 0057 002 01683 191

 0058 002 01640 161 0058 002 01623 159 0059 002 01585 168

 0059 002 01576 185 0060 002 01545 197 0061 002 01500 202

 0063 002 01414 221 0064 002 01370 220 0065 002 01335 230

 0066 002 01269 219 0067 002 01232 227 0067 002 01226 235

 0068 002 01208 241 0072 002 01055 242 0074 200 01000 236

 0075 002 00960 228 0076 002 00936 192 0077 002 00912 180

 0078 002 00897 187 0078 002 00883 210 0079 002 00868 221

 0079 002 00850 202 0080 002 00841 199 0081 002 00815 208

 0081 002 00807 189 0081 002 00803 171 0082 002 00790 152

 0082 002 00777 157 0083 002 00764 172 0084 002 00741 156

 0084 002 00722 156 0085 002 00715 162 0085 200 00700 188

 0085 200 00700 193 0086 002 00682 203 0088 002 00639 212

 0090 002 00608 206 0091 002 00588 190 0091 002 00582 192

 0092 002 00570 209 0092 002 00557 215 0096 200 00500 197

 0099 002 00437 171 0108 002 00316 139 0110 200 00300 128

 0115 002 00242 108++
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9.
IN SUMMARY: WHAT IS IN THE DATA DESCRIPTION SECTION OF BUFR OR CREX?
A set of descriptors: symbol = FXXYYY, 3 parts: F, XX, YYY

DESCRIPTORS
F
XX = number
YYY = number
Example


CREX

1 letter
BUFR

2 bits
CREX

2 bytes
BUFR

6 bits
CREX

3 bytes
BUFR

8 bits
CREX
BUFR

Table B (element)
"B"
"0"
CLASS
ELEMENT
B12006
012006

Repetition operator
"R"
"1"
Number of descriptors to be repeated
Number of repetitions

(if = 0, transmitted in Data Section)
R04002

R04000
104002

104000

Table C (Operation)
"C"
"2"
Operation
Operand
C01004
201136






(change of data width)

Table D (Common sequence)
"D"
"3"
Category
Reference number of sequence
D05002
305002

10.
IN SUMMARY:

Table driven codes, like BUFR and CREX offers:


o self description


o flexibility


o expandability


o condensation (packing), quality flags, associated values for BUFR


o simple readability for CREX

These codes are universal.  They are the ideal codes for coding observations and the most adapted to the fast scientific and technological evolution of the 21st Century.  They are the last observation codes that WMO had to design.  BUFR and CREX can be easily expanded to satisfy all observational requirements, without deviating from WMO recommendations, even to answer national needs for specific domestic data exchange, as it is presently the case in many Countries.

Annex VII
BUFR/CREX additions for Weather Phenomena

Add in BUFR and CREX the following entries:
Class 13:
0 13 055
Intensity of precipitation 
kgm-2s-1 
4
0
8
B 13 055




mm/h

1
0
4
0 13 058
Size of precipitating element m

4
0
7
B 13 058



          mm

1
0
3
0 13 059
Number of flashes

Numeric
0
0
7
B 13 059
   (thunderstorm)



0
0
3
Class 20:
0 20 021
Type of precipitation

Flag table
0
0
21
B 20 021






0
0
7
0 20 022
Character of precipitation
Code table
0
0
4
B 20 022






0
0
2
0 20 023
Other weather phenomena
Flag table
0
0
18
B 20 023






0
0
6
0 20 024
Intensity of phenomena
Code table
0
0
3
B 20 024






0
0
1
0 20 025
Obscuration


Flag table
0
0
21
B 20 025






0
0
7
0 20 026
Character of obscuration
Code table
0
0
4
B 20 026






0
0
2
0 20 027
Phenomena occurrence
Flag table
0
0
9
B 20 027






0
0
3
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Flag Table

0 20 021
Type of precipitation
1
Precipitation-unknown type
2
Liquid precipitation not freezing
3
Liquid freezing precipitation
4
Drizzle
5
Rain
6
Solid precipitation
7
Snow
8   Snow grains 
9            Snow pellets
10
Ice pellets 
11
Ice crystals
12
Diamond dust
13
Small hail
14
Hail
15
Glaze
16
Rime
17
Hoar frost
18
Dew
19-20
Reserved
All 21
Missing value
Note:
Mixed precipitation is indicated by setting to one the bits of all the observed single types of precipitation 

Code table

0 20 022
Character of precipitation
0
No precipitation
1
Continuous
2  
Intermittent 
3
Shower
4
Not reaching ground
5
Deposition
6-14
Reserved
15
Missing value
Flag Table

0 20 023
Other weather phenomena
1
Dust/sand whirl
2
Squalls
3
Sand storm
4
Dust storm
5
Lightning - cloud to surface
6
Lightning - cloud to cloud
7
Lightning - distant
8
Thunderstorm
9
Funnel Cloud not touching surface
10
Funnel cloud touching surface
11
Spray
Annex VII, p.3

12-17
Reserved
All 18
Missing value
Code Table

0 20 024
Intensity of phenomena
0
No phenomena
1
Light
2
Moderate
3
Heavy
4
Violent 
5-6
Reserved
7
Missing value
Flag Table

0 20 025
Obscuration
1
Fog
2
Ice fog
3   Steam fog
4            Radiation fog

4-6         Reserved
7
Mist
8
Haze
9
Smoke
10
Volcanic ash
11
Dust
12
Sand
13
Snow
14-20
Reserved
All 21
Missing value
Code Table

0 20 026
Character of obscuration
0
No change
1
Shallow
2
Patches
3
Partial
4
Freezing
5
Low drifting
6
Blowing
7
Increasing
8
Decreasing
9
In suspension in the air
10
Wall
11
Dense
12
Whiteout
13-14
Reserved
15
Missing value
Annex VII, p.4

Flag Table

0 20 027


Phenomena occurrence
1
At time of observation
2
In past hour
3
In time period for past weather W1W2
4
In time period specified
5-6
Reserved
7
At the station
8
In the vicinity
All 9
Missing value
Note : Phenomenon in 0 20 027 means any phenomenon, including precipitation and obscuration.
Add:
“(See Note 1)” to 0-20-003 and “(See Note 2)” to 0-20-004 and 0-20-005 in Class 20 of BUFR Table B with the added following notes:
Notes:
(1): When encoding present weather reported from an automatic weather station, the appropriate combination of descriptors 0-20-021, 0-20-022, 0-20-023, 0-20-024, 0-20-025, 0-20-026, and   0-20-027 should be used and preferred.  A descriptor 0-20-003 should by used only when descriptors mentioned above are not applicable. 
(2): When encoding past weather reported from an automatic weather station, the appropriate combination of descriptors 0-20-021, 0-20-022, 0-20-023, 0-20-024, 0-20-025, 0-20-026, and   0-20-027 should be used and preferred.  Descriptors 0-20-004 or 0-20-005 should by used only when descriptors mentioned above are not applicable.
Annex VIII
REVISED SET OF BASIC VARIABLES

Reported by AWS as a sequence of 10 one minute data sets

Element
1-minute data/ totals
Standard Deviation

Pressure
(
(

Wind direction
(
(

Wind speed
(
(

Wind variability
(
(

Wind gust
Instantaneous


Wind gust direction
Instantaneous


Dry temperature
(
(

Wet temperature(1)
(
(

Dew-point temperature
(
(

Ground temperature
(
(

Soil temperature – 5 cm
(
(

Soil temperature – 10 cm
(
(

Soil temperature – 20 cm
(
(

Soil temperature – 50 cm
(


Soil temperature – 100 cm
(


Relative humidity(2)
(
(

Total precipitation
(


Intensity of precipitation
(


Size of precipitation element
(


Duration of precipitation
(


Total snow depth
(


Water equivalent of snow
(


Evapotranspiration
(


Global radiation
(


Total sunshine duration
(


Visibility (MOR)
(
(

Cloud cover (total)
(


Amount of low clouds (3)
(


Amount of middle clouds (3)
(


Amount of high clouds (3)
(


Cloud amount
(


Height of base of cloud
(


Cloud amount
(


Height of base of cloud
(


Cloud amount
(


Height of base of cloud
(


State of ground
(


Type of precipitation
(


Precipitation occurrence
(


Other present weather phenomena
(


Intensity of phenomena
(


Obscuration
(


Character of obscuration
(


Ice deposit
(


Rate of ice accretion  
(


Quality information 
(


Measurement status
(


Notes:

1) an alternative to the Dew-point

2) an alternative to the Wet temp. and Dew-point

3) an alternative to the Cloud amount (0 20 011) and Height of base of cloud  (0 20 013)

Annex IX

FUTURE WORK PLAN

In the area of

Requirements and Representation of Data from Automatic Weather Stations

(ET on AWS)
(For the period 2001 to 2002)

1. To review the operational requirements for Automated Weather Observing Systems (AWOS) for all WMO Programmes.

2. To assess the implications in development of AWOSs to the existing observing networks;

3. To further review observing definitions, practices and procedures from an automated observing perspective;

· To further review requirements for present weather from AWOSs and develop or refine, where necessary, quantitative definitions of weather phenomena for which observations are required;

· To review and refine practices for measuring and reporting the instantaneous precipitation intensity;

· To review and refine practices for measuring and reporting the Meteorological Optical Range and/or extinction coefficient using back or forward scatters;

· To review and refine practices for measuring and reporting the total cloud amount as estimated by an algorithm using data from Cloud Base Recorders;

4. To review the available algorithms for reporting of subjective/visual observations based on the data from intelligent sensors and review and develop multi-sensors algorithms, procedures and applications related to visual and subjective observations and to standardize them;

5. To develop new observation practices, methods and processing procedures related to the weather and clouds and to standardize them;

6. To improve the Quality Control procedures for data from AWOS, to further develop the guidelines for the automation of visual and subjective observations with the respect of observing practices, procedures, definitions, data processing, QC/QA procedures.

7. To review and refine the BUFR/CREX templates for the AWS’s data and new addition to BUFR/CREX.
�
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