
	WORLD METEOROLOGICAL ORGANIZATION
COMMISSION FOR BASIC SYSTEMS

JOINT MEETING OF COORDINATION TEAM ON MIGRATION TO TABLE DRIVEN CODE FORMS  AND EXPERT TEAM ON DATA REPRESENTATION AND CODES
MONTREAL, 8-12 MAY 2006
	
	CT-MTDCF/ET-DR&C/Doc. 3.4.5(5)
ITEM: 3.4.5
(3.V.2006)

ENGLISH ONLY


Requirements for Data from Automatic Weather Stations  

Submitted by Eva Červená (Czech Republic) 

________________________________________________________________

Summary and Purpose of Document
The document contains parts of the Final Report of the ET-AWS session relevant to the activities of the ET on Data Representation and Codes
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ACTION PROPOSED
The meeting is invited to discuss the content of this document

and pay attention particularly to recommendations to be

submitted to CBS-Ext. (2006) in Annex 10. 

References:

[1] Final Report, ET-AWS, Geneva, 20-24 March 2006

Introduction

The session of the Expert Team on Requirements for Data from Automatic Weather Stations (ET-AWS) was held in Geneva from 20 to 24 March 2006.

This document contains parts of the Final Report of the ET-AWS session relevant to the activities of the Expert Team on Data Representation and Codes (ET DR&C) as shown below:

1 
REPORT OF THE CHAIRMAN

………………………… 

2 
REPORT OF THE REPRESENTATIVE TO THE ET-DR&C 
2.1 
The meeting considered the report on the status of collaboration between the ET DR&C and the ET-AWS during the last intersessional period presented by Mr. Igor Zahumenský. The collaboration involved the topics of reporting both instrument (Level I) and nominal (Level II) data by AWS installations, and reporting Quality Control information in the AWS BUFR template.
2.2  
The team was informed about the decision of the ET DR&C (December 2005) to leave the suggested set of new descriptors 0 08 083 (Nominal value indicator), 0 07 065 (Representative height of sensor above local ground (or deck of marine platform)) and 0 07 066 (Representative height of sensor above water surface) in the validation phase until the next meeting of ET DR&C in May 2006.
2.3 
The ET appreciated the activities of ET DR&C in attempting to meet the ET-AWS requirement of reporting of both instrument and nominal values of AWS; several possible solutions for the adjustment of AWS BUFR template were being considered by the team with no solution yet.

2.4 
One of several possible solutions to this problem was submitted by Mr. Dragosavac, ECMWF; chairman of the ET DR&C. The ET considered the proposal and expressed the opinion that the most suitable solution should be left to the ET DR&C. The ET stressed reporting of nominal value indicator and the representative height of the sensor were required. The descriptor 0 08 083 (nominal value indicator) will indicate that the instrument value has been adjusted with respect to one or more of the defined criteria.
2.5 
The ET considered information provided by ET DR&C that the new BUFR/CREX descriptor 0 33 019 “Quality control indication of the following value” proposed by ET-AWS-3 as a Flag Table was not an appropriate solution for the following reasons:

· To avoid two nearly identical tables, and

· The proposal does not follow one of the basic BUFR principles of volume efficiency. A flag table is used when there is a real possibility of combinations of most or all of the bits.

2.6 
It was agreed that the solution on how to meet the requirement expressed by ET-AWS-4 should be further developed in cooperation with the ET DR&C (see Annex 9).

3 
REPORT ON THE DEVELOPMENT OF GUIDELINES FOR AWS QUALITY CONTROL PROCEDURES 
………………………..

4 
REPORT ON THE DEVELOPMENT OF STANDARDS FOR THE STANDARDIZATION OF AWS PLATFORMS 

      …………………………

5 
REPORT ON THE DEVELOPMENT OF PRACTICAL EXAMPLES FOR A STANDARD SET OF METADATA FOR AWS
       …………………………


6 
REPORT ON THE STATUS OF THE JOINT EFFORT WITH HMEI AND CIMO IN DEFINING METADATA NEEDS FOR THE FUTURE WMO INFORMATION SYSTEM
For the standard set of metadata, the data transmission format should be the same as for measured data. This means that in the case of using Table-driven Code Forms (TDCF) for transmission of AWS data it would be necessary to review TDCF and develop adequate descriptors as necessary, and adjust BUFR AWS templates accordingly. The ET adopted Recommendation 6.5 (see Annex 10.)
7 
REPORT ON THE NEED FOR UPDATING AWS CODE AND DESCRIPTOR TABLES
7.1 
The representative of EUMETNET pointed out problems that would arise in the generation of BUFR messages from some NMSs, due to the existence of several WMO BUFR templates, in particular: AWS BUFR template for one hour and SYNOP BUFR template. No guidance has been provided as to which WMO BUFR template should be used.  Therefore, this could lead to difficulties and/or delays in migration to TDCF. 

7.2 
The representative of EUMETNET presented a proposal for a single BUFR template, blending the current AWS and SYNOP BUFR templates.  This approach which seems to solve the problem (see Annex 8). The ET recommended that CBS ET on DR&C address this problem and adopted Recommendation 8.2 (see Annex 10).

7.3 
The representative of EUMETNET brought to the attention of the ET an old problem related to the limitation of the range of WMO station numbers (up to 999). Unless this problem is solved many existing AWS would not be able to disseminate data over the GTS. The expert team adopted Recommendation 8.3 (see Annex 10).
7.4 
The ET discussed possible ways to meet the requirement expressed by ET-AWS-3 to overcome the shortcomings of Code Table 0 33 020 as it relates to quality information required for AWS data. It was agreed that two new BUFR/CREX descriptors should be developed for that purpose. The ET proposed that two characteristics of data, source and quality, need to be conveyed. Source indicating whether the variable is from the instrument or estimated and the quality of the variable providing some quality identifier.  See Annex 9.  
7.5 
It was noted that there is an ambiguity in a number of BUFR descriptors and the ET proposed that the ET DR&C ensure their traceability to International Meteorological Vocabulary, WMO-No. 182 and WMO Technical Regulations, WMO-No. 49. The expert team adopted Recommendation 8.5 (see Annex 10).
7.6 
The representative of CCl recalled the problem of missing data as significant to climate program, particularly in the case of precipitation. While information on missing data is contained within the quality control section of the BUFR message, not all NMS make use of, or can decode, BUFR. From the point of view of the climate program, it is nevertheless essential that the message format from an AWS convey explicitly the presence or absence of a precipitation reading from precipitation sensors.
8 
REVIEW IMPLEMENTATION PLAN FOR EVOLUTION FOR SUB-SYSTEMS OF THE GOS AND RECOMMENDATIONS TO THE ET-EGOS

     …………………………
9 
OTHER BUSINESS

9.3    Functional Specifications for AWS

The expert team corrected the table of the Functional specification for AWS installations, namely concerning the maximum effective range and respective BUFR /CREX table for the water vapour pressure. (See Annex 7).
10 
RECOMMENDATIONS TO BE SUBMITTED TO CBS-Ext. (2006)

During the course of this meeting, the ET-AWS formulated 7 recommendations for consideration by CBS-Ext. (2006).  These recommendations are presented in Annex 10.

Functional Specifications for Automatic Weather Stations

	VARIABLE 1) 


	Maximum  Effective Range 2)
	Minimum

Reported Resolution 3)
	Mode of

Observation 4)
	BUFR / CREX 5)

	ATMOSPHERIC PRESSURE
	
	
	
	

	Pressure
	500 – 1080 hPa
	10 Pa
	I, V
	0 10 004

	TEMPERATURE
	
	
	
	

	Ambient air temperature (over specified surface)
	-80 °C – +60 °C
	0.1 K
	I, V
	0 12 101

	Dew-point temperature
	-80 °C – +60 °C
	0.1 K
	I, V
	0 12 103

	Ground (surface) temperature (over specified surface)
	-80 °C – +80 °C
	0.1 K
	I, V
	0 12 113

	Soil temperature
	-50 °C – +50 °C
	0.1 K
	I, V
	0 12 130

	Snow temperature   
	-80 °C – 0 °C
	0.1 K
	I, V
	N

	Water temperature - river, 

lake, sea, well
	-2 °C – +100 °C
	0.1 K
	I, V
	0 13 082

	HUMIDITY
	
	
	
	

	Relative humidity  
	0 – 100%
	1%
	I, V
	0 13 003

	Mass mixing ratio
	0 – 100%
	1%
	I, V
	N

	Soil moisture, volumetric or water potential
	0 – 103 g kg-1
	1 g kg-1
	I, V
	N

	Water vapour pressure
	0 – 100 hPa
	10 Pa
	I, V
	0 13 004

	Evaporation / evapotranspiration
	0 – 0.1 m
	0.1 kg m-2, 0.0001 m
	T
	0 13 033

	Object wetness duration
	0 – 86 400 s
	1 s
	T
	N

	WIND 
	
	
	
	

	Direction 
	0 – 360 degrees
	1 degree
	I, V
	0 11 001

	Speed 
	0 – 75 m s-1
	0.1 m s-1
	I, V
	0 11 002

	Gust Speed
	0 – 150 m s-1
	0.1 m s-1
	I, V
	0 11 041

	X,Y,Z component of wind vector (horizontal and vertical profile)
	0 – 150 m s-1
	0.1 m s-1
	I, V
	N

	Turbulence type (Low levels and wake vortex)
	up to 15 types
	BUFR Table
	I, V
	N

	Turbulence intensity
	up to 15 types
	BUFR Table
	I, V
	N

	RADIATION6)
	
	
	
	

	Sunshine duration
	0 – 86 400 s
	60 s
	T
	0 14 031

	Background luminance
	1∙10-6 – 2∙104 Cd m-2
	1∙10-6 Cd m-2
	I, V
	N

	Global downward solar radiation 
	0 – 6∙106 J m-2
	1 J m-2
	I, T, V
	N

	Global upward solar radiation
	0 – 4∙106 J m-2
	1 J m-2
	I, T, V
	N

	Diffuse solar radiation
	0 – 4∙106 J m-2
	1 J m-2
	I, T, V
	0 14 023

	Direct solar radiation
	0 – 5∙106 J m-2
	1 J m-2
	I, T, V
	0 14 025

	Downward long-wave radiation
	0 – 3∙106 J m-2
	1 J m-2
	I, T, V
	0 14 002

	Upward long-wave radiation
	0 – 3∙106 J m-2
	1 J m-2
	I, T, V
	0 14 002

	Net radiation
	0 – 6∙106 J m-2
	1 J m-2
	I, T, V
	0 14 016

	UV-B radiation
	0 – 1.2∙103 J m-2
	1 J m-2
	I, T, V
	N

	Photosynthetically active radiation
	0 – 3∙106 J m-2
	1 J m-2
	I, T, V
	N

	Surface albedo
	1 – 100%
	1%
	I, V
	0 14 019


	VARIABLE 1) 


	Maximum  Effective Range 2)
	Minimum

Reported Resolution 3)
	Mode of

Observation 4)
	BUFR / CREX 5)

	CLOUDS
	
	
	
	

	Cloud base height
	0 – 30 km
	10 m
	I, V
	0 20 013

	Cloud top height
	0 – 30 km
	10 m
	I, V
	0 20 014

	Cloud type, convective vs. other types
	up to 30 classes
	BUFR Table
	I
	0 20 012

	Cloud hydrometeor concentration
	1 – 700 hydrometeors dm-3
	1 hydrometeor dm-3
	I, V
	N

	Effective radius of cloud hydrometeors
	2∙10-5 – 32∙10-5 m
	2∙10-5 m
	I, V
	N

	Cloud liquid water content
	1∙10-5–1.4∙10-2 kg m-3
	1∙10-5 kg m-3
	I, V
	N

	Optical depth within each layer
	Not specified yet
	Not specified yet
	I, V
	N

	Optical depth of fog
	Not specified yet
	Not specified yet
	I, V
	N

	Height of inversion
	0 – 1 000 m
	10 m
	I, V
	N

	Cloud cover
	0 – 100%
	1%
	I, V
	0 20 010

	Cloud amount
	0 – 8/8
	1/8
	I, V
	0 20 011

	PRECIPITATION
	
	
	
	

	Accumulation
	0 – 500 mm
	0.1 kg m-2, 0.0001 m
	T
	0 13 011

	Duration
	up to 86 400 s
	60 s
	T
	0 26 020

	Size of precipitating element
	1∙10-3 – 0.5 m
	1∙10-3 m
	I, V
	N

	Intensity - quantitative
	0 – 2000 mm h-1
	0.1 kg m-2 s-1,  0.1 mm h-1
	I, V
	0 13 055

	Type
	up to 30 types
	BUFR Table
	I, V
	0 20 021

	Rate of ice accretion
	0 – 1 kg dm-2 h-1
	1∙10-3 kg dm-2 h-1
	I, V
	N

	OBSCURATIONS
	
	
	
	

	Obscuration type 
	up to 30 types
	BUFR Table
	I, V
	0 20 025

	Hydrometeor type 
	up to 30 types
	BUFR Table
	I, V
	0 20 025

	Lithometeor type
	up to 30 types
	BUFR Table
	I, V
	0 20 025

	Hydrometeor radius
	2∙10-5 – 32∙10-5 m
	2∙10-5 m
	I, V
	N

	Horizontal - extinction coefficient 
	0 – 1 m-1
	0.001 m-1
	I, V
	N

	Slant - extinction coefficient 
	0 – 1 m-1
	0.001 m-1
	I, V
	N

	Meteorological Optical Range
	1 – 100 000 m
	1 m
	I, V
	N

	Runway visual range
	1 – 4 000 m
	1 m
	I, V
	0 20 061

	Other weather type
	up to 18 types
	BUFR Table
	I, V
	0 20 023

	LIGHTNING
	
	
	
	

	Lightning rates of discharge
	0 – 100 000
	Number h-1
	I, V
	0 13 059

	Lightning discharge type (cloud to cloud, cloud to surface)
	up to 10 types
	BUFR Table
	I, V
	N

	Lightning discharge polarity
	2 types
	BUFR Table
	I, V
	N

	Lightning discharge energy
	Not specified yet
	Not specified yet
	I, V
	N

	Lightning - distance from station
	0 – 3∙104 m
	103 m
	I, V
	N

	Lightning - direction from station
	1 – 360 degrees
	1 degree
	I, V
	N


“MERGED” BUFR TEMPLATE FOR SURFACE OBSERVATIONS FROM ONE-HOUR PERIOD

This template is proposed to be used for representation of surface observation data from both automatic stations and manned stations. This template is also suitable for SYNOP observation data, by including parameters covering periods longer than one hour.

Descriptors used by both templates are not marked.

Descriptors used from the SYNOP BUFR template are indicated by an asterisk *.

Descriptors used from the AWS BUFR template are indicated by an asterisk *.

	3 01 090
	
	SYNOP
	AWS
	Surface station identification; time, horizontal and

vertical co-ordinates

	3 01 004
	
	
	
	Surface station identification
	

	
	0 01 001
	
	
	WMO block number
	Numeric

	
	0 01 002
	
	
	WMO station number
	Numeric

	
	0 01 015
	
	
	Station or site name
	CCITT IA5

	
	0 02 001
	
	
	Type of station
	Code table

	3 01 011
	0 04 001
	
	
	Year
	Year

	
	0 04 002
	
	
	Month
	Month

	
	0 04 003
	
	
	Day
	Day

	3 01 012
	0 04 004
	
	
	Hour
	Hour

	
	0 04 005
	
	
	Minute
	Minute

	3 01 021
	0 05 001
	
	
	Latitude (high accuracy)
	Degree, scale 5

	
	0 06 001
	
	
	Longitude (high accuracy)
	Degree, scale 5

	0 07 030
	
	
	
	Height of station ground above mean sea level 
	m, scale 1

	0 07 031
	
	
	
	Height of barometer above mean sea level 
	m, scale 1

	0 08 010
	
	
	
	Surface qualifier (for temperature data)
	Code table

	3 01 091
	
	
	*
	Surface station instrumentation
	

	
	0 02 180
	
	*
	Main present weather detecting system
	Code table

	
	0 02 181
	
	*
	Supplementary present weather sensor
	Flag table

	
	0 02 182
	
	*
	Visibility measurement system
	Code table

	
	0 02 183
	
	*
	Cloud detection system
	Code table

	
	0 02 184
	
	*
	Type of lightning detection sensor
	Code table

	
	0 02 179
	
	*
	Type of sky condition algorithm 
	Code table

	
	0 02 186
	
	*
	Capability to detect precipitation phenomena
	Flag table

	
	0 02 187
	
	*
	Capability to detect other weather phenomena
	Flag table

	
	0 02 188
	
	*
	Capability to detect obscuration
	Flag table

	
	0 02 189
	
	*
	Capability to discriminate lightning strikes
	Flag table

	
	
	
	
	Pressure data
	

	3 02 001
	0 10 004
	
	
	Pressure
	Pa, scale –1

	
	0 10 051
	
	
	Pressure reduced to mean sea level
	Pa, scale –1

	
	0 10 061
	
	
	3-hour pressure change
	Pa, scale –1

	
	0 10 063
	
	
	Characteristic of pressure tendency
	Code table

	0 10 062
	
	*
	
	24-hour pressure change                 p24p24p24
	Pa,  –1

	0 07 004
	
	
	
	Pressure (standard level)
	Pa, scale –1

	0 10 009
	
	
	
	Geopotential height of the standard level
	gpm

	3 02 072
	
	
	
	Temperature and humidity data
	

	
	0 07 032
	
	
	Height of sensor above local ground
	m, scale 2

	
	0 07 033
	
	*
	 Height of sensor above water surface
	m, scale 1

	
	0 12 101
	
	
	Temperature/dry-bulb temperature (scale 2) 
	K, scale 2

	
	0 12 103
	
	
	Dew-point temperature  (scale 2)
	K, scale 2


	
	0 13 003
	
	
	Relative humidity
	%

	1 01 005
	
	
	*
	Replicate one descriptor five times
	

	3 07 063
	0 07 061
	
	*
	Depth below land surface    
	m, scale 2

	
	0 12 130
	
	*
	Soil temperature (scale 2)
	K, scale 2

	3 02 069
	
	
	
	Visibility data 
	

	
	0 07 032
	
	
	Height of sensor above local ground
	m, scale 2

	
	0 07 033
	
	*
	 Height of sensor above water surface
	m, scale 1

	
	0 33 041
	
	*
	Attribute of following value
	Code table

	
	0 20 001
	
	
	Horizontal visibility
	m, scale –1

	0 07 032
	
	
	*
	Height of sensor above local ground

(set to missing to cancel the previous value)
	m, scale 2

	0  07 033
	
	
	*
	 Height of sensor above water surface

(set to missing to cancel the previous value)
	m, scale 1

	0 20 031
	
	
	*
	Ice deposit (thickness)
	m, scale 2

	0 20 032
	
	
	*
	Rate of ice accretion
	Code table

	0 02 038
	
	
	*
	Method of sea surface temperature measurement
	Code table

	0 22 043
	
	
	*
	Sea/water temperature (scale 2)
	K, scale 2

	3 02 021
	0 22 001
	
	*
	Direction of waves
	Degree true

	
	0 22 011
	
	*
	Period of waves
	s

	
	0 22 021
	
	*
	Height of waves
	m, scale 1

	3 02 078
	
	
	
	State of ground and snow depth measurement
	

	
	0 02 176
	
	*
	Method of state of ground measurement 
	Code table

	
	0 20 062
	
	
	State of ground (with or without snow)
	Code table

	
	0 02 177
	
	*
	Method of snow depth measurement
	Code table

	
	0 13 013
	
	
	Total snow depth
	m, scale 2

	0 12 113
	
	*
	
	Ground minimum temperature (scale2), past 12 hours                                               snTgTg
	K, 2

	
	
	
	
	Cloud data 
	

	
	0 20 010
	
	
	Cloud cover (total)
	%

	Useful 
	0 08 002
	*
	
	Vertical significance
	Code table, 0

	considering
	0 20 011
	*
	
	Cloud amount (of low or middle clouds)     Nh
	Code table, 0

	the
	0 20 013
	*
	
	Height of base of cloud                                 h
	m, –1

	following
	0 20 012
	*
	
	Cloud type (low clouds CL)                         CL
	Code table, 0

	Cloud 
	0 20 012
	*
	
	Cloud type (middle clouds CM)                   CM
	Code table, 0

	layers ?
	0 20 012
	*
	
	Cloud type (high clouds CH)                       CH
	Code table, 0

	
	1 05 004
	
	*
	Replicate 5 descriptors four times
	

	
	0 08 002
	
	
	Vertical significance
	Code table

	
	0 20 011
	
	
	Cloud amount 
	Code table

	
	0 20 012
	
	
	Cloud type
	Code table

	
	0 33 041
	
	*
	Attribute of following value
	Code table

	
	0 20 013
	
	
	Height of base of cloud
	m, scale -1

	
	
	*
	
	Clouds with bases below station level
	

	3 02 036
	1 05 000
	*
	
	Delayed replication of 5 descriptors  
	

	
	0 31 001
	*
	
	Delayed descriptor replication factor
	Numeric, 0

	
	0 08 002
	*
	
	Vertical significance
	Code table, 0

	
	0 20 011
	*
	
	Cloud amount                                             N’
	Code table, 0

	
	0 20 012
	*
	
	Cloud type                                                   C’
	Code table, 0

	
	0 20 014
	*
	
	Height of top of cloud                                 ’H’
	m, -1

	
	0 20 017
	*
	
	Cloud top description                                  Ct
	Code table, 0

	
	
	*
	
	Direction of cloud drift                 6DLDMDH
	

	3 02 047
	1 02 003
	*
	
	Replicate 2 descriptors 3 times
	

	
	0 08 002
	*
	
	Vertical significance         7 = low cloud,                                    8 = middle cloud, 9 = high cloud
	Code table, 0

	
	0 20 054
	*
	
	True direction from which clouds are moving

                                                    DL, DM, DH
	Degree true, 0

	0 08 002
	
	*
	
	Vertical significance   

(set to missing to cancel the previous value)
	Code table, 0

	
	
	*
	
	Direction and elevation of cloud gr. 57CDaeC
	

	3 02 048
	0 05 021
	*
	
	Bearing or azimuth                                     Da
	Degree true, 2

	
	0 07 021
	*
	
	Elevation angle                                          eC
	Degree, 2

	
	0 20 012
	*
	
	Cloud type                                                    C
	Code table, 0

	
	0 05 021
	*
	
	Bearing or azimuth

(set to missing to cancel the previous value)
	Degree true, 2

	
	0 07 021
	*
	
	Elevation angle

(set to missing to cancel the previous value)
	Degree, 2

	3 02 074
	
	
	
	Present and past weather 
	

	
	0 20 003
	
	
	Present weather(3)
	Code table

	
	0 04 025
	
	
	Time period (=  - 60 minutes)
	Minute

	
	0 20 004
	
	
	Past weather (1) (3)
	Code table

	
	0 20 005
	
	
	Past weather (2) (3)
	Code table

	3 02 075
	
	
	*
	Intensity of precipitation, size of precipitation element
	

	
	0 08 021
	
	*
	Time significance (= 2 (time averaged))
	Code table

	
	0 04 025
	
	*
	Time period (=  - 10 minutes)
	Minute

	
	0 13 055
	
	*
	Intensity of precipitation
	kgm-2s-1,scale 4

	
	0 13 058
	
	*
	Size of precipitation element
	m, scale 4

	
	0 08 021
	
	*
	Time significance (=  missing value)
	Code table

	0 04 025
	
	
	*
	Time period (=  - 10 minutes)
	Minute

	3 02 076
	
	
	*
	Precipitation, obscuration and other phenomena
	

	
	0 20 021
	
	*
	Type of precipitation
	Flag table

	
	0 20 022
	
	*
	Character of precipitation
	Code table

	
	0 26 020 
	
	*
	Duration of precipitation (4)
	Minute

	
	0 20 023
	
	*
	Other weather phenomena
	Flag table

	
	0 20 024
	
	*
	Intensity of phenomena
	Code table

	
	0 20 025
	
	*
	Obscuration
	Flag table

	
	0 20 026
	
	*
	Character of obscuration
	Code table

	
	
	
	
	Wind data 
	

	
	0 07 032
	
	
	Height of sensor above local ground
	m, scale 2

	
	0  07 033
	
	
	 Height of sensor above water surface
	m, scale 1

	
	0 08 021
	
	
	Time significance (= 2 (time averaged))
	Code table

	
	0 04 025
	
	
	Time period  (=  - 10 minutes, or number of minutes after a significant change of wind, if any)
	Minute

	
	0 11 001
	
	
	Wind direction
	Degree true

	
	0 11 002
	
	
	Wind speed
	m s-1

	
	0 08 021
	
	
	Time significance (=  missing value)
	Code table

	
	1 03 003
	
	
	Replicate next 3 descriptors 3 times
	

	
	0 04 025
	*
	
	Time period

(=  - 10 minutes in the first replication,

 =  - 60 minutes in the second replication

 =  - 60*3 or 60*6 minutes in the third replication)
	Minute

	
	0 11 043
	
	
	Maximum wind gust direction
	Degree true

	
	0 11 041
	
	
	Maximum wind gust speed 
	m s-1

	
	0 04 025
	
	*
	Time period  (=  - 10 minutes)
	Minute


	
	0 11 016
	
	*
	Extreme counterclockwise wind direction of 

a variable wind
	Degree true

	
	0 11 017
	
	*
	Extreme clockwise wind direction of a variable wind
	Degree true

	3 02 077
	
	
	
	Extreme temperature data
	

	
	0 07 032
	
	
	Height of sensor above local ground
	m, scale 2

	
	0  07 033
	
	*
	 Height of sensor above water surface
	m, scale 1

	
	1 04 002
	
	
	Replicate 4 descriptors 2 times
	

	
	0 04 024
	*
	
	Time period or displacement

(= - 1 hour in the first replication,

 = - 12 or - 24 or – x hours in the second replication) 
	Hour, 0

	
	0 04 024
	*
	
	Time period or displacement (see Notes 1 and 2)
	Hour, 0

	
	0 12 111
	
	
	Maximum temperature (scale 2) at height and 

over period specified 
	 K, scale 2

	
	0 12 112
	
	
	Minimum temperature (scale 2) at height and 

over period specified 
	 K, scale 2

	
	0 07 032
	
	*
	Height of sensor above local ground

(for ground temperature)
	m, scale 2

	
	0 04 025
	
	*
	Time period  (=  - 60 minutes)
	Minute

	
	0 12 112
	
	*
	Minimum temperature (scale 2) at height and 

over period specified (for ground temperature)
	K, scale 2

	0  07 033
	
	
	*
	 Height of sensor above water surface

(set to missing to cancel the previous value)
	m, scale 1

	
	
	
	
	Precipitation measurement
	

	
	0 07 032
	
	
	Height of sensor above local ground
	m, scale 2

	
	0 02 175
	
	*
	Method of precipitation measurement 
	Code table

	
	0 02 178
	
	*
	Method of liquid water content measurement of precipitation
	Code table

	
	1 02 005
	
	
	Replicate 2 descriptors 5 times
	

	
	0 04 024
	
	
	Time period in hours                                    tR

(= - 1 hour in the first replication,

 = - 3, -6, -12, - 24 hours in the next replications)
	Hour, 0

	
	0 13 011
	
	
	Total precipitation / total water equivalent of snow 
	kg m-2, scale 1

	0 07 032
	
	
	*
	Height of sensor above local ground

(set to missing to cancel the previous value)
	m, scale 2

	
	
	
	
	Evaporation measurement
	

	
	0 02 185
	
	*
	Method of evaporation measurement
	Code table

	
	1 02 002
	
	
	Replicate 2 descriptors 2 times
	

	
	0 04 024
	*
	
	Time period in hours

(= -1 hour in the first replication,

 = -x hours in the second replication)
	Hour, 0

	
	0 13 033
	
	
	Evaporation /evapotranspiration
	kg m-2

	3 02 081
	
	
	
	Total sunshine data
	

	
	1 02 002
	*
	
	Replicate 2 descriptors 2 times
	

	3 02 039
	0 04 024
	*
	
	Time period in hours

(= -1 hour in the first replication,

 = -x hours in the second replication)
	Hour, 0

	
	0 14 031
	
	
	Total sunshine
	Minute

	
	
	
	
	Radiation data
	

	
	1 07 003
	*
	
	Replicate 7 descriptors 3 times
	

	3 02 045
	0 04 024
	*
	
	Time period in hours

(= -1 hour in the first replication,

 = -x hours in the next replications)
	Hour, 0

	
	0 14 002
	
	
	Long-wave radiation, integrated over period specified
	J m-2, scale -3

	
	0 14 004
	
	
	Short-wave radiation, integrated over period specified
	J m-2, scale -3

	
	0 14 016
	
	
	Net radiation, integrated over period specified
	J m-2, scale -4

	
	0 14 028
	
	
	Global solar radiation (high accuracy), 

 integrated over period specified
	J m-2, scale -4

	
	0 14 029
	
	
	Diffuse solar radiation (high accuracy), 

 integrated over period specified
	J m-2, scale -4

	
	0 14 030
	
	
	Direct solar radiation (high accuracy), 

 integrated over period specified
	J m-2, scale -4

	0 04 025
	
	
	*
	Time period  (=  - 10 minutes)
	Minute

	0 13 059
	
	
	*
	Number of flashes
	Numeric

	3 02 046
	
	*
	
	Temperature change            group 54g0sndT  
	

	
	0 04 024
	*
	
	Time period or displacement                          
	Hour, 0

	
	0 04 024
	*
	
	Time period or displacement (see Note 5)        
	Hour, 0    

	
	0 12 049
	*
	
	Temperature change over period specified  sndT
	K, 0

	3 02 083
	
	
	*
	First order statistics of P, W, T, U data
	

	
	0 04 025
	
	*
	Time period (=   -10 minutes )
	Minute

	
	0 08 023
	
	*
	First order statistics 

(= 9 (best estimate of standard deviation)) (6)
	Code table

	
	0 10 004
	
	*
	Pressure
	Pa, scale –1

	
	0 11 001
	
	*
	Wind direction
	Degree true

	
	0 11 002
	
	*
	Wind speed
	m s-1

	
	0 12 101
	
	*
	Temperature/dry-bulb temperature (scale 2) 
	K, scale 2

	
	0 13 003
	
	*
	Relative humidity
	%

	
	0 08 023
	
	*
	First order statistics (= missing value) 
	Code table

	0 33 005
	
	
	*
	Quality information (AWS data)
	Flag table

	0 33 006
	
	
	*
	Internal measurement status information (AWS)
	Code table


Notes:
     The time identification refers to the end of the one-hour period.
For SYNOP:



1)
Within RA-IV, the maximum temperature at 1200 UTC is reported for the previous calendar day (i.e. the ending time of the period is not equal to the nominal time of the report). To construct the required time range, descriptor 004024 has to be included two times. If the period ends at the nominal time of the report, value of the second 004024 shall be set to 0.



2)        
Within RA-III, the maximum day-time temperature and the minimum night-time temperature is reported (i.e. the ending time of the period may not be equal to the nominal time of the report). To construct the required time range, descriptor 004024 has to be included two times. If the period ends at the nominal time of the report, value of the second 004024 shall be set to 0.



3) Present weather may be represented only by 0 20 003, especially if reported from a manned

non-automated station. When encoding present weather reported from an automatic weather station, the sequence of descriptors (proposed under 3 02 076) should be used, when applicable.


4) Duration of precipitation represents number of minutes in which precipitation was registered.



5) To construct the required time range, descriptor 004024 has to be included two times.


6) Best estimate of standard deviation is counted out of a set of samples (signal measurements) recorded within the period specified; it should be reported as a missing value, if the measurements of the relevant element are not available from a part of the period specified by 0 04 025.


7) Suggestion of the author, M. Leroy, Meteo France, some of the parameters are very specific to some locations with cloud bases below station level, ice deposit, sea/water temperature, waves, and temperature changes. To accommodate these parameters they could be placed at the end of the template. Additional descriptors could also be added to address specific regional needs, but caution should be used in determining the amount of information which could be included in such a template.  One should ask, have all possible descriptors been included or should the message be limited to only those descriptors relevant to the station?

BUFR Quality Indicators

Table 1. Source of variable

	Code figure
	Description

	0
	Original measured value 

	1
	Original value has been corrected

	2
	Original value was missing, the value has been estimated

	3
	The value is missing.

	4
	The source of the value is unknown.


Table 2. Quality control indicator

	Code figure
	Description

	0
	Not checked; The variable has not gone through any quality control checking. 

	1
	Good; Data not exceeding a specified value.

	2
	Inconsistent; One or more parameters are inconsistent; the relationship with different elements does not satisfy defined criteria. 

	3
	Doubtful

	4
	Erroneous; Wrong data exceeding a specified value.

	5
	Verified; Originally data flagged as suspects, erroneous or inconsistent; later on validated as good using other checking procedures.

	6
	Not applicable; The variable is missing and a quality flag is inappropriate.


RECOMMENDATIONS

(Recommendation numbers refer to the item in the agenda 
under which this recommendation was formulated.)

RECOMMENDATION 4, Item 6.5 “Update of BUFR/CREX”
Considering the development of metadata standard for AWS and their representation in TDCF,

The expert team recommended that the review of BUFR/CREX should be done with respect to the development of new descriptors, including the adjustment of AWS BUFR templates.

RECOMMENDATION 5, Item 8.2 “Common BUFR template for any AWS”

Considering that:

1. Several BUFR templates exist for:

a. AWS data (one-hour period),

b. SYNOP and SYNOP MOBIL data,

c. SHIP data,

2. The AWS data template may also be used by manned (AWS) stations,

3. The AWS are often also surface synoptic stations, which should therefore report SYNOP data,

4. The current BUFR template for AWS data (one-hour period) contains parameters representative of period of times of maximum one hour,

5. The SYNOP BUFR template contains some parameters representative of period of times of 3, 6, 12 or 24 hours,

6. According to WMO resolution 40, Surface data have to be transmitted at synoptic hours and not necessarily every hour,

7. If the current BUFR template for AWS is used for transmission only at synoptic hours, some parameters over synoptic periods will be missing (for example amount of precipitation), and

8. In such conditions a synoptic AWS could have to transmit data both with the AWS data template and the SYNOP template.

The expert team recommended that:

1. The Expert Team on DR&C follows the issue of mixing/merging the current AWS template (for one-hour period) and the SYNOP template to a single template covering both AWS data to be transmitted hourly and SYNOP data to be transmitted at standard times; or

2. The ET-DR&C adds some descriptors in the current AWS template to cover the few parameters which would be missing if a AWS BUFR is transmitted only at synoptic hours.

RECOMMENDATION 6, Item 8.3 “Definition and use of an enlarged WMO station number”

Considering that:

1. There is a recommendation of ET-ODRRGOS to distribute data from high spatial resolution networks.

2. The current BUFR templates identify a station by a WMO block number (BUFR descriptor 0 01 001) and a WMO station number (0 01 002).

3. A WMO station number is limited to 999 (alphanumeric codes) or 1022 (binary).

4. For a given WMO block number, more than 999 observing stations (mainly AWS) sometimes exist. And the number of AWS is increasing.

5. Therefore, it is not always possible to allocate a WMO station number to an AWS. Consequently, some NMSs are using national station numbers, which cannot be reported in the current WMO BUFR templates. For stations with no WMO station number, the only solution to report data using the available WMO BUFR templates is to code this WMO station number as missing. This may not be a problem for some users, considering the high accuracy localization of the station, included in a BUFR message. But any link to metadata data bases would be impossible due to this lack of reference station number.

The expert team recommended that:

This problem of limitation of the WMO station number be taken into account in the current and future BUFR template.

RECOMMENDATION 7, Item 8.5 "Variables in BUFR descriptors"

Considering that:

1. Variables stated by descriptors in the BUFR templates are not always traceable to a definition documented in any WMO document,

2. A number of variables given a descriptor cannot be uniquely explained due to lack of detail,

3. Due to this ambiguity unacceptable confusion and misunderstandings are introduced when decoding BUFR bulletins.

The expert team recommended that:

1. Variables stated as BUFR descriptor should be traceable to the International Meteorological Vocabulary (WMO No. 49), the Technical Regulations (WMO No. 49) or SI.

2. The indicated variables should be described in such a detail that any possible ambiguity is avoided.

