	WORLD METEOROLOGICAL ORGANIZATION
________________
MEETING OF EXPERT TEAM ON DATA REPRESENTATION AND CODES

EUMETSAT, 23-27 April 2007
	
	ET/DR&C/Doc. 3.1.9(1)Rev1
_______
(13.IV.2007)

ENGLISH ONLY


 EUCOS BUFR template for representation of radiosonde data 
Submitted by Eva Červená (Czech Republic) 


________________________________________________________________

Summary and Purpose of Document
This document contains a revised version of BUFR template  for radiosonde reporting that was submitted to Joint meeting of 

ET DR&C and CT MTDCF in Montreal with a proposal for

possible recommendation of the  ET DR&C meeting.
A new EUCOS template has been introduced. 


________________________________________________________________

ACTION PROPOSED
The meeting is invited to discuss the content of this document. 

References:

[1] Manual on Codes, WMO-No. 306, Volume I.1 and I.2
[2] Final Report, ET DR&C and CT MTDCF, Montreal, 8 – 12 May 2006 

[3] Final Report, Commission for Basic Systems, Extraordinary Session, Seoul, Republic of 

     Korea, 9 to 16 November 2006

1. Background 
The Joint meeting of ET DR&C and CT MTDCF (Montreal, 8 – 12 May 2006) reviewed a proposal for “HIGH RESOLUTION RADIOSONDE BUFR (LAND, SHIP OR MOBILE)” template which introduction had been coordinated by EUCOS, and suggested several changes to it. Moreover, a set of comments was formulated referring to the questions in the rightmost column of the proposed template. Somewhat later, further modifications to the template were suggested.

One of the most important finding of the Meeting in Montreal was: Sequence 3 09 052 has the same capability to handle high-resolution data as the proposed template [2]. To avoid any confusion, the proposed template is referred to as “EUCOS BUFR template for representation of radiosonde data” in this document or as “EUCOS template”.   
The revised version of the EUCOS template and the comments are shown in the Annex I to this document. 
On 12 April 2007, an e-mail with detailed explanations from Mr. Stuart Goldstraw, the former EUCOS Operations Manager, was received. Main points from his message have been incorporated in this revised version of the document and the template in ANNEX II.  
2. Available templates for representation of radiosonde data 
 2.1 BURF template TM 309052
The Extraordinary Session of the Commission for Basic Systems (Seoul, Republic of Korea, 9 to 16 November 2006) recommended B/C25 Regulations for reporting TEMP, TEMP SHIP and TEMP MOBIL data in TDCF, based on the already operationally used common sequence descriptor 3 09 052 (template TM 309052). This template is suitable for P,T,U and wind vertical profiles, including the time and position of radiosonde at each level and allows to report the required wind shear data and the information on surface observations of clouds. Moreover, if additional information on sounding instrumentation is required, the sequence 3 09 052 may be supplemented by one or more additional parameters to allow data representation of this information. 
After all corrections have been done to the proposed EUCOS template, the only difference between this template and template TM 309052 is that the former allows to report relative humidity, whereas the later dew point temperature (and wind shear data). Both templates have the same capability to accommodate high resolution data, limited by the length of a BUFR message (500 000 octets). 
2.2 BURF templates 3 09 060, 3 09 061, 3 09 062, 3 09 063, 3 09 064, 3 09 065 and 3 09 066 
There is a set of common sequence descriptors, suitable for representation of a single vertical profile data of high resolution:
 3 09 060 (Radiosonde complete registration and surface observation), containing 0 13 003 (Relative humidity, %, scale 0),
 3 09 061 (Raw PTU), containing 0 13 009 (Relative humidity, %, scale 1),
 3 09 062 (RAW GPS unsmoothed wind),
 3 09 063 (RAW GPS smoothed wind),
 3 09 064 (Processed PTU), containing 0 13 003 (Relative humidity, %, scale 0),
 3 09 065 (Processed GPS),
 3 09 066 (Standard and significant levels), containing 0 13 003 (Relative humidity, %, scale 0).
These descriptors allow transmission of detailed information on radiosonde soundings. They represent data of one level, the vertical profile being created as a multi-subset BUFR message. If they are used for a single profile data, the BUFR compression is extremely effective, which may allow inclusion of high resolution data. 
These descriptors, however, are not recommended for representation of TEMP, TEMP SHIP and TEMP MOBIL data as the entries for the required wind shear data are not available within them. If added, they would have to be reported at each level of the sounding. The same applies to the required surface observations otherwise this information would have to be transmitted in a separate BUFR message. Moreover, these descriptors are not suitable for a multi-report BUFR bulletin as the BUFR compression is not efficient in this case. 
3. Extract from the e-mail of Mr. Stuart Goldstraw, the former EUCOS Operations Manager
a) The template was not proposed for reporting of TEMP, TEMP SHIP and TEMP MOBIL data.

b) Geopotential height (calculated from GPS height) is required to be used as the vertical coordinate.
c) Inclusion of the information on sounding instrumentation within the template is preferred.
d) Reporting of relative humidity as the measured element is required. Dew point temperature as the derived value may be influenced by an error of temperature. On the other hand, there are radiosondes that do not measure relative humidity, but have a dew point temperature sensor.

e) Inclusion of instantaneous values of pressure, temperature, relative humidity, wind direction and speed from surface station instruments is required (measured at the time of launch).

f) Addition of present weather would be useful to complete the information on launch conditions.    
4. Proposal for possible recommendation of the ET DR&C 

It might be proposed:

a) To contact the current EUCOS Operations Manager and the authors of the original EUCOS template and to learn their opinion on the submitted new version of the EUCOS template (suitable for representation of high resolution radiosonde data with geopotential height as the vertical coordinate, the vertical resolution being limited by the length of BUFR message).
b) If radiosonde data of very high resolution with pressure as the vertical coordinate is to be accomplished, usage of sequence descriptors 3 09 060 to 3 09 066 might be recommended. 
c) Producing TEMP, TEMP SHIP and TEMP MOBIL data in BUFR for the international exchange requires usage of the template TM 309052 that covers the complete extend of the TAC data. This is the main condition that has to be met during the migration process. Therefore, the alternatives in 4a) and 4b) could not be used for Migration to TDCF.   
5. Proposal for a new Code table 

Among the required instrumentation entries in the original proposal, there was a request for a new code table for “Geopotential height calculation”. If this parameter is validated and becomes preoperational, it should be included also in the ANNEX II to B/C25 Regulations for reporting TEMP, TEMP SHIP and TEMP MOBIL data in TDCF.
	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 02 191
	Geopotential height calculation
	Code table
	0
	0
	4
	Code table
	0
	2


Code table 0 02 191
Geopotential height calculation
	Code

 figure
	

	0
	Reserved 

	1
	Geopotential height calculated from pressure

	2
	Geopotential height calculated from GPS Height

	3 - 14
	Reserved

	15
	Missing value


                                                                                                                                  ANNEX I 
HIGH RESOLUTION RADIOSONDE BUFR (LAND, SHIP OR MOBILE)

	Table Reference
	Element Name
	Type & Byte Size (Bits)
	Comments

	
	Identification of launch site and instrumentation.
	
	

	0
	01
	001
	WMO Block Number
	Numeric  
	7
	

	0
	01
	002
	WMO Station Number
	Numeric
	10
	

	0
	01
	011
	Ship or mobile land station identifier
	CCITT IA5
	72
	

	0
	02
	011
	Radiosonde Type
	Code table
	8
	Code table might need updating

	0
	02
	013
	Solar and Infrared radiation correction
	Code table
	4
	Code table might need updating

	0
	02
	014
	Tracking technique/status of system used
	Code table
	7
	Code table might need updating

	0
	02
	003
	Type of measuring equipment used
	Code table
	4
	Code table might need updating

	0
	25
	061
	Software identification number
	CCITT IA5
	96
	Text descriptor

	0
	01
	082
	Radiosonde ascension number
	Numeric
	14
	

	0
	01
	081
	Radiosonde serial number
	CCITT IA5
	160
	

	0
	02
	067
	Radiosonde operating frequency
	Hz, Scale-5
	15
	Frequency at Launch 

	0
	02
	095
	Type of pressure sensor
	Code table
	5
	

	0
	02
	096
	Type of temperature sensor
	Code table
	5
	

	0
	02
	097
	Type of humidity sensor
	Code table
	5
	

	0
	02
	081
	Type of balloon
	Code table
	5
	

	0 
	02
	082
	Weight of balloon
	Kg, scale 3
	12
	

	0
	02
	084
	Type of gas used in balloon
	Code table
	4
	

	?
	??
	???
	Geopotential height calculation
	Code table
	4
	1 – from pressure

2 – from GPS Height

	
	
	
	
	
	
	

	
	
	
	Date/time of launch
	
	
	

	0
	08
	021
	Time significance (=18 Launch time)
	Code table
	5
	Nominal hour? No

	0
	04
	001
	Year
	Year
	12
	

	0
	04
	002
	Month               3 01 011
	Month
	4
	

	0
	04
	003
	Day
	Day
	6
	

	0
	04
	004
	Hour
	Hour
	5
	

	0
	04
	005
	Minute             3 01 013
	Minute
	6
	

	0
	04
	006
	Second
	Second
	6
	

	
	
	
	
	
	
	

	
	
	
	Horizontal and vertical coordinates of launch site
	
	
	

	0
	05
	001
	Latitude (High Accuracy)
	Degree
	25
	

	0
	06
	001
	Longitude (High Accuracy)
	Degree
	26
	

	0
	07
	030
	Height of station above MSL
	M, scale 1
	17
	

	0
	07
	031
	Height of barometer above MSL
	M, scale 1
	17
	

	0
	07
	007
	Height of radiosonde release above MSL
	M
	15
	

	0
	33
	024 
	Station quality mark (for mobile stations)
	Code table
	  4
	

	
	
	
	Surface information reported with vertical sounding
	
	
	

	0
	08
	002
	Vertical significance (surface obs)
	Flag
	6
	Vertical significance 008002 is not capable to identify 
“surface level”. 

	0
	10
	004
	Pressure
	Pa, scale -1
	14
	Need to change scale?

	0 
	12
	101
	Temperature (dry bulb)
	K, scale 2
	16
	

	0 
	13
	003
	Relative humidity
	%, scale 0
	7
	

	0
	11
	001
	Wind Direction
	Deg,scale 0
	9
	

	0
	11
	002
	Wind Speed
	m/s, scale 1
	12
	

	0 
	08
	002
	Vertical significance
	Flag
	6
	Cloud Ob

	0
	20
	011
	Cloud amount ( low or middle Nh)
	Code table
	4
	

	0
	20
	013
	Height of base of cloud (h)
	m, scale -1
	11
	

	0
	20
	012
	Cloud Type (Low)
	Code table
	6
	

	0
	20
	012
	Cloud Type (Medium)
	Code table
	6
	

	0
	20
	012
	Cloud Type (High)
	Code table
	6
	

	0 
	08
	002
	Vertical significance (missing values)
	Flag
	6
	

	
	
	
	Present weather?
	
	
	

	0
	22
	043
	Sea/water temp (ship stations)
	K, scale 2
	15
	

	
	
	
	
	
	
	

	
	
	
	Vertical sounding data
	
	
	*Repeated section*

	1
	10
	000
	Delayed replication of 10 descriptors
	
	
	

	0
	31
	002
	Extended delayed descriptor replication factor
	Numeric
	16
	

	0
	04
	086
	Long time period or displacement 

(since launch time)
	Second
	15
	

	0
	08
	042
	Extended vertical sounding significance
	Flag table
	18
	

	0
	07
	004
	Pressure
	Pa, 

scale -1
	14
	

	0
	10
	009
	Geopotential height
	gpm, scale0
	17
	

	0
	05
	015
	Latitude displacement since launch site (high accuracy) 
	Degree,

Scale 5
	25
	Displacement or actual?

Is resolution too much 5 decimal places?

	0
	06
	015
	Longitude displacement since launch site (high accuracy) 
	Degree,

Scale 5
	26
	

	0
	12
	101
	Temperature/dry bulb
	K, scale 2
	12
	

	0
	13
	003
	Relative Humidity
	%, scale 0
	7
	

	0
	11
	001
	Wind direction
	Degree true
	9
	

	0
	11
	002
	Wind Speed
	m/s, scale 1
	12
	

	
	
	
	
	
	
	


COMMENTS:
The template could have one of two possible purposes, and the extent of the required changes depends on the intended purpose of the template.

If the template is intended to be used for local archival of data or for the transmission of minimally processed data from the observing site to a national centre for further processing then the changes included under A) below would be recommended.

On the other hand, if the template is intended for the international exchange of data, much more extensive changes would be necessary (see B) below).

A)  Changes recommended if the template is intended for local archive or for transmission to
     a national centre, include:

1. The nominal data time is reported in Section 1 of the BUFR message.  The first time included in the template, preceded by time significance descriptor 0 08 021 should be the launch time. The value associated with the 0 08 021 descriptor should be 18 (= Launch time).

2. The surface pressure, temperature, relative humidity, and wind direction and speed should be represented as a surface level (bit 1 of the value associated with descriptor 0 08 042, extended vertical sounding significance) within the main data replication [Vertical sounding data *Repeated section*]. The vertical significance 0 08 002 specifies the type of clouds and is not capable to identify the character of the level, i.e. “surface level”. Therefore, it is proposed to delete the whole part of the template written in red. 
3. The pressure must be included in the main data replication.

4. The number of descriptors to be repeated in the main data replication was incorrect.  It was given as one (1 01 000) and should be ten (1 10 000) when pressure is included, or eleven (1 11 000) if both pressure and dew point are included.

B)  If the template is intended to be used for the international exchange of data, then further major 
     changes would be required including

1. The addition of dew point temperature within each level of the vertical sounding data.

2. The addition of wind shear data is required by the current rules for the international exchange of upper air data.

The meeting would also comment that this proposed template has much in common with the existing template TM309052 and largely duplicates the functionality of table D sequence 3 09 052.  Sequence 3 09 052 has the same capability to handle high-resolution data as the proposed template.  The additional metadata descriptors (marked yellow in the template) may be prep ended to descriptor 3 09 052 in section 3 of the BUFR message.

Questions implied by the proposed template include also:

1. The comment about changing scale against descriptor 0 10 004 implies some concern about the scale.  The scale of descriptor 0 10 004 is -1 (10 Pa, 0.1hPa) which seems to be sufficiently accurate.  If more accuracy is required, then either change scale and change data width descriptors should be used or a formal request for a new, higher resolution descriptor should be made to the ET-DR&C.

2. There is a comment “Present Weather?”.  It is unclear what this comment is intended to convey.  If the purpose is to ask what descriptor can be used to describe the weather at the time of launch, then 0 20 003 can be used.

3. There is a query “Displacement or actual” against descriptors 0 05 015 and 0 01 016 (Latitude and longitude displacement) as to the meaning.  These two descriptors are displacements from the launch point that is the difference between the current location and the launch point.

4. There is a query against the resolution (5 decimal places, 0.00001 deg, approximately 1m) of descriptors 0 05 015 and 0 06 015.  This was requested, by data users in order to cope with constantly improving technology.

                                                                                                                                 ANNEX II 
EUCOS template for representation of radiosonde data with geopotential height as the vertical coordinate (to be validated)
This template is suitable for representation of high resolution radiosonde data with geopotential height as the vertical coordinate, the vertical resolution being limited by the length of BUFR message.
	3 01 111
	
	Identification of launch site and instrumentation 
	

	
	3 01 001
	WMO block number
	Numeric

	
	
	WMO station number
	Numeric

	
	0 01 011
	Ship or mobile land station identifier
	CCITT IA5

	
	0 02 011
	Radiosonde type
	Code table

	
	0 02 013
	Solar and infrared radiation correction
	Code table

	
	0 02 014
	Tracking technique/status of system used
	Code table

	
	0 02 003
	Type of measuring equipment used
	Code table

	0 25 061
	
	Software identification and version number
	CCITT IA5

	0 01 081
	
	Radiosonde serial number
	CCITT IA5

	0 01 082
	
	Radiosonde ascension number
	Numeric

	0 02 067
	
	Radiosonde operating frequency
	Hz, scale -5

	0 02 095
	
	Type of pressure sensor
	Code table

	0 02 096
	
	Type of temperature sensor
	Code table

	0 02 097
	
	Type of humidity sensor
	Code table

	0 02 081
	
	Type of balloon
	Code table

	0 02 082
	
	Weight of balloon
	kg, scale 3

	0 02 084
	
	Type of gas used in balloon
	Code table

	0 02 191
	
	Geopotential height calculation
	Code table

	3 01 113
	
	Date/time of launch
	

	
	0 08 021
	Time significance   ( = 18 (launch time))
	Code table

	
	3 01 011
	Year
	Year

	
	
	Month
	Month

	
	
	Day
	Day

	
	3 01 013
	Hour
	Hour

	
	
	Minute
	Minute

	
	
	Second
	Second

	3 01 114
	
	Horizontal and vertical coordinates of launch site
	

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

	
	
	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 07 007
	Height of release of sonde above mean sea level
	m

	
	0 33 024
	Station elevation quality mark (for mobile stations)
	Code table

	
	
	Surface station measurements
	

	0 10 004
	
	Pressure                                             
	Pa, scale –1

	3 02 032
	0 07 032
	Height of sensor above local ground

(for temperature measurement)
	m,  scale 2

	
	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
	%

	0 07 032
	
	Height of sensor above local ground

(for wind measurement)
	m, scale 2

	0 02 002
	
	Type of instrumentation for wind measurement  
	Flag table

	0 11 001
	
	Wind direction
	Degree true

	0 11 002
	
	Wind speed
	m s-1, scale 1

	0 07 032
	
	Height of sensor above local ground

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

	0 20 003
	
	Present weather
	Code table

	3 02 049
	
	Cloud information reported with vertical soundings
	

	
	0 08 002
	Vertical significance
	Code table

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

	
	0 20 013
	Height of base of cloud (h)
	m, scale –1

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

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

	
	0 20 012
	Cloud type (high clouds CH)
	Code table

	
	0 08 002
	Vertical significance ( = missing value)
	Code table

	0 22 043
	
	Sea/water temperature (for ship stations)
	K, scale 2

	
	
	Temperature, dew-point, relative humidity and wind data at height levels
	

	1 01 000
	
	Delayed replication of 1 descriptor 
	

	0 31 002
	
	Extended delayed descriptor replication factor
	Numeric

	3 03 yyy
	
	Temperature, dew-point, relative humidity and wind data at a height level with radiosonde position 
	

	
	0 04 086
	Long time period or displacement (since launch time)
	Second

	
	0 08 042
	Extended vertical sounding significance
	Flag table

	
	0 07 009
	Geopotential height 
	gpm

	
	0 05 015
	Latitude displacement since launch site (high accuracy)
	Degree, scale 5

	
	0 06 015
	Longitude displacement since launch site (high accuracy)
	Degree, scale 5

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

	
	0 13 009
	Relative humidity (see Note 4)
	%, scale 1

	
	0 12 103
	Dew-point temperature (scale 2) (see Note 4)
	K, scale 2

	
	0 11 001
	Wind direction
	Degree true

	
	0 11 002
	Wind speed
	m s-1, scale 1


Notes:
(1)
Time of launch 3 01 013 shall be reported with the highest possible accuracy available.  If the launch time is not available with second accuracy, the entry for seconds shall be put to zero. 

(2) Long time displacement 0 04 086 represents the time offset from the launch time 3 01 013 (in seconds).

(3) Latitude displacement 0 05 015 represents the latitude offset from the latitude of the launch site.  Longitude displacement 0 06 015 represents the longitude offset from the longitude of the launch site.
(4) If the radiosonde is equipped with a relative humidity sensor, 0 13 009 shall be reported as mandatory and dew-point temperature may be included as a derived value. If the radiosonde is equipped with a dew-point temperature sensor, 0 12 103 shall be reported and 0 13 009 shall be set to a missing value.  
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