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Summary and Purpose of Document
The document contains details of a Universal BUFR template for representation of High Resolution Lightning data from any source. This was originally proposed at the previous meeting held in Geneva in September 2008 and has since been updated after feedback from the lightning and Data Format community was agreed for validation at the meeting in September 2009. Since the meeting a few small amendments were proposed Therefore we now feel that we are in a position to ask for approval for pre-operational use

________________________________________________________________

ACTION PROPOSED
The group are invited to discuss the content of this document with a view to granting it’s approval for the pre-operational acceptance of the template detailed at ANNEX A .

References:

   [1] Manual on Codes, WMO-No. 306, Volume I.1 and I.2.

   [2] http://www.wmo.ch/pages/prog/www/WMOCodes/OperationalCodes.html
   [3] ct-mtdcf/et-dr&c/Doc. 3.1.16(1) item: 3.1 1-5 Sept 2008
1. Background 
As part of the Public Weather Services, the UK Met Office have provided a GTS Long range lightning message  from the 1940s in the form old SFLOC messages which covered an area of 40W to 40E, 30 N to 70N. This was declared obsolete, as it no longer reflected the accuracy obtainable by modern systems. A replacement was sought as there was not a suitable alternative available. 

Currently the only National BUFR representation of Lightning Data in use is that developed by DWD, all of the elements are included here, but has been expanded to give further elements for other systems.

A early draft of this proposal was presented to the EUMETNET Lightning task force meeting (Exeter 12 to 13 March 2008) Representatives were from France , Germany, Croatia and other countries. A subsequent proposal was produced for the last Expert Team Meeting in September 2008, the recommended changes were incorporated into the initial format. Further minor changes were made based on recommendations and coding issues of initial sample messages based on the UK Met Office Lightning Detection Network (ATDnet). Recently Myles Turp (UK Met Office) produced BUFR output using the template below, ready for exchange to the international community, which have been successfully decoded within the UK Met Office by Dr. Brian Barwell. These samples were made available to interested parties by Myles earlier this year.
The intention is to provide this data to all WMO region 1 National Met Centres over GTS.
Following correspondence with Prof Hans-Dieter Betz (LINET) for DWD, and last years submission, some minor modifications were added to the tables.
Acknowledgements to Stan Kellett, Dr. Brian Barwell, Greg Callaghan and Dr. Alec Bennett of UK Met Office, Dr. Eva Červená (Czech Republic) and Jeff Ator (USA).
ATDnet Overview
ATDnet was launched 11th December 2007. It is based on the original Arrival Time Difference (ATD) Sferics Very Low Frequency (VLF) sensors that have been in use since 1988, but now the predecessors DSP hardware is now software based, and is hosted on National Instruments plug in cards on a PC. Developments in communications have allowed us to base the connections over the Internet. At the time of writing Sensors are deployed at Keflavik, Helsinki, Lerwick, Valentia, Exeter, Camborne, Payerne, Gibraltar Akrotiri, Azores and La-Reunion. There is intention to deploy others in South Africa and South Atlantic regions. The process uses Global Positioning System (GPS) disciplined Rubidium Oscillators to time stamp a waveform of the received Sferic, this is sent to a Flash Location Processor that correlates the waveforms for all the sensors and then quality controls this data and stores for use. A process then currently gathers the data in five minute periods and distributes the data in various formats, this process is configurable for different time periods. 
2. Proposal
Where possible existing code sequences have been adopted, new and modified descriptors are detailed below with the full BUFR template at Annex A.  New descriptors are highlighted in blue.
Note: As there can be around 10-40 strokes recorded per second, the template was designed so that replication was only used for the location and height of each sensor contributing to a lightning single strike.

NEW DESCRIPTORS AND MODIFICATIONS TO EXISTING DESCRIPTORS 
a)
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  111
	X-axis  error ellipse major component

	m
	-1
	0
	17


Actual value e.g 6400m  range 0 to 1,000,000 m
b) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  112
	Y-axis  error ellipse minor component

	m
	-1
	0
	17


Here, if  x=y then it is a radial error, and the angle (see 020114) will be zero 

Actual value 2410 m, range 0 to 1,000,000 m 

c) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  113
	Z-axis  error ellipse component

	m
	-1
	0
	17


Here, if  x=y=z then it is a spherical error, and the angle (see 020115) will be zero 

Actual Value 2460 m, range as above
d) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  114
	Angle of X-axis in error ellipse

	Degree
	2
	-18000
	16


Here is the angle of the error defined in b & c above. Cartesian with sign bit
Actual value 33.40 range -180.00 to 180.00
e) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  115
	Angle of Z-axis in error ellipse

	Degree
	2
	-18000
	16


Here is the angle of the error defined in b,c  & d above. Cartesian with sign bit
Actual value 12.45.

f)  

	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  116
	Emission Height of Cloud Stroke
	M
	0
	0
	16


This parameter is used by DWD(LINET)  for height above ground of stroke Actual Value 1200m range 0-20000
g) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  117
	Amplitude of Lightning Strike
	A
	-1
	0
	20


Here we would need to introduce a amplitude measure in Amps or kA. This value was first developed nationally by DWD.  This has been modified to allow negative values from original proposal of scale = 0 and data width =19.
Example 5.6KA coded as 5600 range -320000 to 320000
h)
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  118
	Lightning Detection Error
	M
	0
	0
	19


This seems to be radial error measured in Metres or Km. An alternative for systems not capable of describing in x,y and z. This value was first developed nationally by DWD.
 Example 6900m range 0 to 500000
i) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  119
	Lightning Discharge Polarity
	Code table
	0
	0
	2


	0
	Not Defined

	1
	Positive

	2
	Negative

	3
	Missing Data


Here we have a simple table self explanatory, changed from “Polarity of stroke” from a suggestion by Jeff Ator/Eva Červená
j) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  25  035
	Decision Method for Polarity
	Code table
	0
	0
	3


	0
	Not Defined

	1
	Individual voltage deflection

	2
	Current based, above a threshold

	3
	Voltage based, above a threshold

	4
	Consensus of sensors, Current above a threshold

	5
	Consensus of sensors, Voltage above a threshold

	6
	Reserved

	7
	Missing Data


Certain sensors use a current decision above a threshold, others directly measure the voltage deflection .Changed to 25 group from a suggestion by Jeff Ator/Eva Červená
k) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  121
	Threshold value for Polarity Decision
	V
	3
	0
	16


Used with j) 020121 or all zero if not defined, typically +1.000 Volt.
l) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  122
	Threshold value for Polarity Decision
	A
	0
	0
	16


Used with j) 020122 or all zero if not defined, typically +2000 A.

m) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  123
	Minimum Threshold for Detection
	V/M
	3
	0
	16


This is the minimum signal level acceptable for processing.  
e.g. 0.005v or 5mv , or typically just above the noise floor of the detector.
n)
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20  124
	Lightning Stroke or Flash
	Code table
	0
	0
	2


	0
	Not Defined

	1
	Lightning Stroke

	2
	Lightning Flash, by manual observation, or if equipment insensitive to stroke resolution

	3
	Missing Data


Another Simple table
o) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  25  175
	Modified Residual
	Numeric
	2
	0
	13


Here the modified residual calculated from the loci of the sensors and signal to noise ratios for the flash. Actual value 0.71 range 0.00 to 10.00 . Changed to 25 group from a suggestion by Jeff Ator/Eva Červená
p) Existing code
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  20 023
	Other Weather
	Flag table
	0
	0
	18


Used to indicate cloud to ground or cloud to cloud.

q) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  25 063
	Central Processor or system Identifier
	Code table
	0
	0
	8


	0
	Not Defined

	1
	Main Processor

	2
	Backup Processor

	3-254
	Reserved

	255
	Missing Data


This is where we identify the Flash Location Processor or system  identity so that in multi integrated system we can identify where the event location was developed. Typically a value of 1 here.
Moved to 25 group from a suggestion by Jeff Ator/Eva Červená
r) 
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	1 00 001

	Delayed replication of 1 descriptor
	
	
	
	

	0 31 002
	Extended delayed descriptor replication factor
	Numeric
	
	
	

	3 01 058
	New Sequence Descriptor
	
	
	
	


As presented, this will define the number or sensors and locations taking part in the lightning stroke. This would be a minimum of 4 for ATDnet, typically 8 sensors contributing to the actual strike.
s)
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  02  184
	Type of Lightning Sensor
	Code table
	0
	0
	4


Here we need to add new entry 6 as recommended the ATDnet VLF waveform correlated sensor. 
t)
	Table Reference
	Element Name
	Unit
	Scale
	Reference

Value
	Data

Width

	0  02 121
	Mean Frequency
	Hertz
	-8
	0
	7


Here this is where systems could be split into cells that work on different frequencies

 You would need to know which sensors are associated with this frequency 
Actual value 13777 Hz so we change scales, with 202136,201236, before and reset after with 201000 and 202000.
In summary, we would like agreement for the above new descriptors to be used and for the template at Annex A to be officially recognized for international exchange of lightning location data.
u) A new descriptor 004008 was rejected in favour of using the the existing 004006 descriptor and resetting to the desired scale as detailed below 

201152  to increase data width to 30 bits

202135  to get scale 7

004006

202000

201000

v) PROPOSED CHANGE TO TABLE A Entry

The suggested entry for the Data / Sub category (Bytes 9 - 10 Ed 3 BUFR) in the ATD Template was -

Category 0 Surface data - land Sub category  /  30 Spherics locations (SFLOC)  (Code Table C-13)

As SFLOC’s are no longer produced and sferics is mis-spelt then it is proposed that the Table A entry is changed to 

Category 0 Surface data - land Sub category  /  30 Sferics locations (BUFR Lightning)  (Code Table C-13)

 





ANNEX A 
Universal BUFR Template for representation of lightning data.
This template is to be submitted for representation of high resolution lightning data from Land, Ship, Mobile, Aircraft or Satellite. Developed by Paula Taylor - Observations Research & Development - UK Met Office. 

JOINT MEETING OF COORDINATION TEAM ON MIGRATION TO TABLE DRIVEN CODE FORMS  AND EXPERT TEAM ON DATA REPRESENTATION AND CODES 2010
	3 01 058
	
	Date/time of lightning event
	

	
	3 01 011
	Year
	Year

	
	
	Month
	Month

	
	
	Day
	Day

	
	       3 01 012
	Hour
	Hour

	
	
	Minute
	Minute

	2 01 152
	
	
	

	2 02 135
	
	
	

	
	0 04 006
	Seconds 
	Second

	2 02 000
	
	
	

	2 01 000
	
	
	

	
	
	Horizontal and vertical coordinates of lightning event
	

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

	
	
	Longitude (high accuracy)
	Degree, scale 5

	
	0 20 111
	X-Axis error ellipse
	m scale -1,0,17

	
	0 20 112
	Y-Axis error ellipse
	m scale -1,0,17

	
	0 20 113
	Z-Axis error ellipse
	m scale -1,0,17 

	
	0 20 114
	Angle of X-Axis in error ellipse          
	Degree scale 

2,-18000,16

	
	0 20 115
	Angle of Z-Axis in error ellipse
	Degree scale

2,-18000,16

	
	0 20 116
	Emission Height of cloud stroke
	M scale 0,0,16

	
	
	 Emission information
	

	
	0 20 117
	Amplitude of Lightning Strike
	A, scale -1,0,20

	
	0 20 118
	Lightning Detection Error 
	m, scale 0,0,19

	
	0 20 119
	Lightning Discharge Polarity 
	Code table scale 0,0,2

	
	       0 25 035
	Decision Method for Polarity (V or A)
	Code table scale 0,0,3

	
	0 20 121
	Threshold voltage for Polarity decision
	V scale 3,0,16 

	
	0 20 122
	Threshold current for Polarity decision
	A scale 0,0,16

	
	0 20 123
	Minimum threshold for Detection
	V scale 3,0,16

	
	0 20 124
	Lightning Stroke or Flash
	Code table scale 0,0,2

	
	       0 25 175
	Modified Residual
	Numeric scale2,0,13

	
	0 20 023
	Other Weather (for c2g or c2c identification)
	Flag table scale 0,0,18

	
	
	Sensor Processing
	

	
	       0 25 063
	Central Processor Identifier
	Code table, scale 0,0,8

	202136
	
	
	

	201136
	
	
	

	
	0 02 121
	Mean Frequency (to define centre frequency, if used)
	Hertz, scale-8,0,7

	201000
	
	
	

	202000
	
	
	

	
	0 25 061
	Software identification and version number
	CCITT IA5

	
	0 02 184
	Type of Lightning Detection Sensor
	Code table

	
	0 02 189
	Capability to Discriminate Lightning Strike
	Flag table

	
	0 25 036
	Atmospherics Location Method
	Code table

	1 01 000
	
	Delayed replication of 1 descriptor 
	

	0 31 002
	
	Extended delayed descriptor replication factor

Number of Sensors contributing
	Numeric

	3 01 059
	
	Identification of sensor site and instrumentation 
	

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

	
	
	Longitude (high accuracy) of sensor
	Degree, scale 5

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

	
	0 07 032
	Height of sensor above local ground (for lightning)
	m, scale 1


Annexe B

Validation
The validation of the UKMO proposal for a Universal BUFR template for representation of Lightning data was concluded in June 2010.

In line with the procedures laid out in the General Validation and Implementation procedures, three independent decoders were indentified – Yves Pelletier (Canada), Milan Dragosavac (ECMWF) &  Jeff Ator (NOAA). All three decoders successfully decoded the test data supplied by the UKMO using the Universal ATD template.

Feedback from all three decoders will be presented with this document.
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