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________________________________________________________________

Summary and Purpose of Document
This document proposes a number of changes to BUFR Tables B and D and the associated code tables in order to support the encoding of meteorological products derived from data from METEOSAT, JASON-2 and METOP satellites.

________________________________________________________________

ACTION PROPOSED

The meeting is invited to examine the submitted proposal and to consider the possible allocation of the requested code table and descriptor entries.

References:

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

Discussion

1. Background 

A number of updates to the requirements for the representation of satellite products from EUMETSAT in BUFR have arisen since the 2008 Meeting of the Expert on Data Representation and Codes in Geneva.  These requirements are collected in this document, which will also be discussed by the CGMS Task Force on Satellite Data and Codes during its virtual meeting on 14 September 2009.
2. Revised templates for the exchange of JASON-2 OGDR data
The Tables D sequence descriptor 3-40-005 has been defined for the representation of OGDR data from JASON-2.  This sequence has a preoperational status and is being used by NOAA and EUMETSAT to exchange data operationally on the GTS and via satellite dissemination.
Since the inception of this sequence descriptor, there have been a number of improvements in the ground segment near-real-time processor used to derive the OGDR products.  These improvements have led to more parameters being derived, which in turn means that a new BUFR encoding sequence is required.  
The following sequence (based heavily on the existing 3-40-005 sequence) is proposed (new entries are in italics and underlined):
Sequence descriptor: 3-40-010 – JASON-2 OGDR data
	BUFR
	Description
	Unit
	Scale
	Reference
	Width

	F X Y
	Satellite
	 
	
	
	

	 0 01 007
	SATELLITE IDENTIFIER
	
	
	
	

	0 02 019
	SATELLITE INSTRUMENTS
	
	
	
	

	0 01 096
	ACQUISITION STATION IDENTIFIER
	
	
	
	

	0 25 061
	SOFTWARE IDENTIFICATION
	
	
	
	

	0 05 044
	SATELLITE CYCLE NUMBER
	
	
	
	

	0 05 040
	ORBIT NUMBER
	
	
	
	

	0 01 030
	NUMERICAL MODEL IDENTIFIER
	
	
	
	

	 
	 
	
	
	
	

	 
	Datation
	
	
	
	

	0 04 001
	YEAR
	
	
	
	

	0 04 002
	MONTH
	
	
	
	

	0 04 003
	DAY
	
	
	
	

	0 04 004
	HOUR
	
	
	
	

	0 04 005
	MINUTE
	
	
	
	

	0 04 007
	SECONDS WITHIN A MINUTE
	
	
	
	

	 
	 
	 
	
	
	

	 
	Location and Surface Type
	 
	
	
	

	0 05 001
	LATITUDE (HIGH ACCURACY)
	
	
	
	

	0 06 001
	LONGITUDE (HIGH ACCURACY)
	
	
	
	

	0 08 029
	REMOTELY SENSED SURFACE TYPE
	
	
	
	

	0 08 074
	ALTIMETER ECHO TYPE
	
	
	
	

	0 08 077
	RADIOMETER SENSED SURFACE TYPE
	
	
	
	

	 
	 
	 
	
	
	

	 
	Flags
	 
	
	
	

	0 40 011
	INTERPOLATION FLAG
	
	
	
	

	0 25 097
	THREE DIMENSIONAL ERROR ESTIMATE OF THE NAVIGATOR ORBIT
	
	
	
	

	0 25 095
	ALTIMETER STATE FLAG
	
	
	
	

	0 25 098
	ALTIMETER DATA QUALITY FLAG
	
	
	
	

	0 25 099
	ALTIMETER CORRECTION QUALITY FLAG
	
	
	
	

	0 21 144
	ALTIMETER RAIN FLAG
	
	
	
	

	0 25 096
	RADIOMETER STATE FLAG
	
	
	
	

	0 40 012
	RADIOMETER DATA QUALITY FLAG
	
	
	
	

	0 40 013
	RADIOMETER BRIGHTNESS TEMPERATURE INTERPRETATION FLAG
	
	
	
	

	0 21 169
	ICE PRESENCE INDICATOR
	
	
	
	

	0 40 023
	AUXILIARY ALTIMETER STATE FLAGS
	FLAG TABLE
	0
	0
	5

	0 40 024
	METEOROLOGICAL MAP AVAILABILITY
	CODE TABLE
	0
	0
	3

	0 40 025
	INTERPOLATION FLAG FOR MEAN DIURNAL TIDE
	CODE TABLE
	0
	0
	2

	 
	 
	 
	
	
	

	 
	Altimeter: Ku Band
	 
	
	
	

	0 22 151
	KU BAND OCEAN RANGE
	
	
	
	

	0 22 162
	RMS OF 20 Hz KU BAND OCEAN RANGE
	
	
	
	

	0 22 163
	NUMBER OF 20Hz VALID POINTS FOR KU BAND
	
	
	
	

	0 25 160
	KU BAND NET INSTRUMENTAL CORRECTION 
	
	
	
	

	0 25 133
	SEA STATE BIAS CORRECTION ON KU BAND
	
	
	
	

	 
	 
	
	
	
	

	0 22 156
	KU BAND SIGNIFICANT WAVE HEIGHT
	
	
	
	

	0 22 164
	RMS 20 HZ KU BAND SIGNIFICANT WAVE HEIGHT
	
	
	
	

	0 22 165
	NUMBER OF 20HZ VALID POINTS FOR KU BAND SIGNIFICANT WAVE HEIGHT
	
	
	
	

	0 22 166
	KU BAND NET INSTRUMENTAL CORRECTION FOR SIGNIFICANT WAVE HEIGHT
	
	
	
	

	 
	 
	 
	
	
	

	0 21 137
	KU BAND CORRECTED OCEAN BACKSCATTER COEFFICIENT
	
	
	
	

	0 21 138
	STD KU BAND CORRECTED OCEAN BACKSCATTER COEFFICIENT
	
	
	
	

	0 22 167
	NUMBER OF VALID POINTS FOR KU BAND BACKSCATTER
	
	
	
	

	0 21 139
	KU BAND NET INSTRUMENTAL CORRECTION FOR AGC
	
	
	
	

	0 21 118
	ATTENUATION CORRECTION ON SIGMA-0
	
	
	
	

	 
	 
	 
	
	
	

	0 21 145
	KU BAND AUTOMATIC GAIN CONTROL
	
	
	
	

	0 21 146
	RMS KU BAND AUTOMATIC GAIN CONTROL
	
	
	
	

	0 21 147
	NUMBER OF VALID POINTS FOR KU BAND AUTOMATIC GAIN CONTROL
	
	
	
	

	 
	 
	 
	
	
	

	 
	Altimeter: C band
	 
	
	
	

	0 22 168
	C BAND OCEAN RANGE
	
	
	
	

	0 22 169
	RMS OF C BAND OCEAN RANGE
	
	
	
	

	0 22 170
	NUMBER OF 20Hz VALID POINTS FOR C BAND
	
	
	
	

	0 25 161
	C BAND NET INSTRUMENTAL CORRECTION 
	
	
	
	

	0 25 162
	SEA STATE BIAS CORRECTION ON C BAND
	
	
	
	

	 
	 
	 
	
	
	

	0 22 171
	C BAND SIGNIFICANT WAVE HEIGHT
	
	
	
	

	0 22 172
	RMS 20HZ C BAND SIGNIFICANT WAVE HEIGHT
	
	
	
	

	0 22 173
	NUMBER OF 20HZ VALID POINTS FOR C BAND SIGNIFICANT WAVE HEIGHT
	
	
	
	

	0 22 174
	C BAND NET INSTRUMENTAL CORRECTION FOR SIGNIFICANT WAVE HEIGHT
	
	
	
	

	 
	 
	 
	
	
	

	0 21 170
	C BAND CORRECTED OCEAN BACKSCATTER COEFFICIENT
	
	
	
	

	0 21 171
	RMS C BAND CORRECTED OCEAN BACKSCATTER COEFFICIENT
	
	
	
	

	0 22 175
	NUMBER OF VALID POINTS FOR C BAND BACKSCATTER
	
	
	
	

	0 21 172
	C BAND NET INSTRUMENTAL CORRECTION FOR AGC
	
	
	
	

	0 21 118
	ATTENUATION CORRECTION ON SIGMA-0
	
	
	
	

	 
	 
	 
	
	
	

	0 21 173
	C BAND AUTOMATIC GAIN CONTROL
	
	
	
	

	0 21 174
	RMS C BAND AUTOMATIC GAIN CONTROL
	
	
	
	

	0 21 175
	NUMBER OF VALID POINTS FOR C BAND AUTOMATIC GAIN CONTROL
	
	
	
	

	 
	 
	 
	
	
	

	 
	Radiometer 
	 
	
	
	

	0 02 153
	SATELLITE CHANNEL CENTRE FREQUENCY
	
	
	
	

	0 12 063
	BRIGHTNESS TEMPERATURE
	
	
	
	

	0 02 153
	SATELLITE CHANNEL CENTRE FREQUENCY
	
	
	
	

	0 12 063
	BRIGHTNESS TEMPERATURE
	
	
	
	

	0 02 153
	SATELLITE CHANNEL CENTRE FREQUENCY
	
	
	
	

	0 12 063
	BRIGHTNESS TEMPERATURE
	
	
	
	

	0 13 090
	RADIOMETER WATER VAPOR CONTENT
	
	
	
	

	0 13 091
	RADIOMETER LIQUID CONTENT
	
	
	
	

	 
	 
	 
	
	
	

	 
	Wind  
	 
	
	
	

	0 07 002
	HEIGHT OR ALTITUDE
	
	
	
	

	0 11 097
	WIND SPEED FROM ALTIMETER
	
	
	
	

	0 11 098
	WIND SPEED FROM RADIOMETER
	
	
	
	

	0 07 002
	HEIGHT OR ALTITUDE
	
	
	
	

	0 11 095
	U COMPONENT OF THE MODEL WIND VECTOR
	
	
	
	

	0 11 096
	V COMPONENT OF THE MODEL WIND VECTOR
	
	
	
	

	 
	 
	 
	
	
	

	 
	Dynamic Topography
	 
	
	
	

	0 10 096
	MEAN DYNAMIC TOPOGRAPHY 
	
	
	
	

	 
	 
	 
	
	
	

	0 10 081
	ALTITUDE OF COG ABOVE REFERENCE ELLIPSOID
	
	
	
	

	0 10 082
	INSTANTANEOUS ALTITUDE RATE
	
	
	
	

	0 10 083
	OFF NADIR ANGLE OF THE SATELLITE FROM PLATFORM DATA
	
	
	
	

	0 10 101
	SQUARED OFF NADIR ANGLE OF THE SATELLITE FROM WAVEFORM DATA
	
	
	
	

	0 25 132
	IONOSPHERIC CORRECTION FROM MODEL ON KU BAND
	
	
	
	

	0 25 163
	ALTIMETER IONOSPHERIC CORRECTION ON KU BAND
	
	
	
	

	025 126
	MODEL DRY TROPOSPHERIC CORRECTION
	
	
	
	

	0 25 128
	MODEL WET TROPOSPHERIC CORRECTION
	
	
	
	

	0 25 164
	RADIOMETER WET TROPOSPHERIC CORRECTION
	
	
	
	

	 
	 
	 
	
	
	

	0 10 085
	MEAN SEA SURFACE HEIGHT
	
	
	
	

	0 10 097
	MEAN SEA SURFACE HEIGHT FROM ALTIMETER ONLY
	
	
	
	

	0 10 086
	GEOID'S HEIGHT
	
	
	
	

	0 10 087
	OCEAN DEPTH/LAND ELEVATION
	
	
	
	

	0 10 092
	SOLID EARTH TIDE HEIGHT
	
	
	
	

	0 10 088
	GEOCENTRIC OCEAN TIDE HEIGHT SOLUTION 1
	
	
	
	

	0 10 089
	GEOCENTRIC OCEAN TIDE HEIGHT SOLUTION 2
	
	
	
	

	0 10 098
	LOADING TIDE HEIGHT GEOCENTRIC OCEAN TIDE SOLUTION 1
	
	
	
	

	0 10 099
	LOADING TIDE HEIGHT GEOCENTRIC OCEAN TIDE SOLUTION 2
	
	
	
	

	0 10 090
	LONG PERIOD TIDE HEIGHT
	
	
	
	

	0 10 100
	N0N-EQUILIBRIUM LONG PERIOD TIDE HEIGHT
	
	
	
	

	0 10 093
	GEOCENTRIC POLE TIDE HEIGHT
	
	
	
	

	0 25 127
	SEA SURFACE HEIGHT CORRECTION DUE TO PRESSURE LOADING
	
	
	
	

	0 40 014
	HIGH FREQUENCY FLUCTUATIONS OF THE SEA SURFACE TOPOGRAPHY CORRECTION
	
	
	
	

	0 10 102
	SEA SURFACE HEIGHT ANOMOLY
	M
	3
	-32768
	16


Proposal for code and flag tables
0 40 023
Auxiliary altimeter state flags
	Bit number
	

	1
	Band sequence ( 0 = 3Ku_1C_3Ku, 1 = 2Ku_1C_2Ku

	2
	C band frequency (0 = 320 MHz, 1 = 100 MHz)

	3
	C band status (0 = On, 1 = Off)

	4
	Ku band status (0 = On, 1 = Off)

	All 5 bits
	Missing


0 40 024
Meteorological map availability
	Code figure
	

	0
	2 maps available (6 hours apart)

	1
	2 maps available (> 6 hours apart)

	2
	1 map available; data extrapolated

	3
	No maps used

	4 to 6
	Reserved

	7
	Missing value


0 40 025
Interpolation flag for mean diurnal tide
	Code figure
	

	0
	Good

	1
	Bad

	2
	Reserved

	3
	Missing value


It is further proposed that a note is added to Table D, Class 40, recommending that 3-40-010 is to be used in preference to 3-40-005.
3. Proposals for refinement of IASI data encoding arising from validation activities

At the 2008 Meeting of the Expert Team on Data Representation and Codes in Geneva (Docs 3-3-5(1) and 3-3-5(2)), the following three sequences related to IASI data were proposed for validation:

3-40-006 – “IASI principal component scores”
3-40-007 – “IASI Level 1c data (all channels)”

3-40-008 – “IASI Level 1c data (subset of channels)”

After one year of validation activities it has been possible to refine these sequences somewhat.  As a result of this validation, it is proposed to:

a) Add a section to the 3-40-008 sequence for the inclusion of principal component scores with selected channels

b) Deprecate the sequence 3-40-006 originally intended for the representation of IASI principal component scores
c) Add to sequence 3-40-008 a database identification (0-25-062) descriptor for the specification of eingenvalue data sets used for the principal component analysis

d) Correct the proposed definition of 0-40-016  (Residual RMS in band) to be: numeric, scale 3, offset 0, width 14 bits
The updated sequence for 3-40-008 is given below:
IASI sequence combining PC scores, channel selection and enhanced data (to be 3-40-008)

	
	Satellite processing information

	0-01-007
	Satellite identifier

	0-01-031
	Identification of originating/generating centre

	0-02-019
	Satellite instruments

	0-02-020
	Satellite classification

	
	Date and time

	0-04-001
	Year

	0-04-002
	Month

	0-04-003
	Day

	0-04-004
	Hour

	0-04-005
	Minute

	2-02-131
	Add 3 to scale

	2-01-138
	Add 10 to width

	0-04-006
	Second

	2-01-000
	Reset width

	2-02-000
	Reset scale

	
	Location information

	0-05-001
	Latitude (high accuracy)

	0-06-001
	Longitude (high accuracy)

	0-07-024
	Satellite zenith angle

	0-05-021
	Bearing or azimuth

	0-07-025
	Solar zenith angle

	0-05-022
	Solar azimuth

	0-05-043
	Field of view number

	0-05-040
	Orbit number

	2-01-133
	Add 5 to width

	0-05-041
	Scan line number

	2-01-000
	Reset width

	2-01-132
	Add 4 to width

	0-25-070
	Major frame count

	2-01-000
	Reset width

	2-02-126
	Subtract 2 from scale

	0-07-001
	Height of station

	2-02-000
	Reset scale

	
	Quality information

	1-03-003
	Repeat next 3 descriptor 3 times

	0-25-140
	Start channel

	0-25-141
	End channel

	0-33-060
	GQisFlagQual

	0-33-061
	QGisQualIndex

	0-33-062
	QGisQualIndexLoc

	0-33-063
	QGisQualIndexRad

	0-33-064
	QGisQualIndexSpect

	0-33-065
	GQisSysTecSondQual

	0-40-020
	GQisFlagQualDetailed - Quality flag for the system

	
	IASI subset of channels

	1-01-010
	Repeat next 1 descriptor 10 times

	3-40-002
	IASI Level 1c band description

	1-04-000
	Delayed replication of next 4 descriptors

	0-31-002
	Extended delayed replication factor

	2-01-136
	Add 8 to width

	0-05-042
	Channel number

	2-01-000
	Reset width

	0-14-046
	Scaled IASI radiance

	
	Instrument band definition

	1-08-003
	Repeat next 8 descriptors 3 times

	0-25-140
	Start channel

	0-25-141
	End channel

	0-40-015
	Quantization factor

	0-40-016
	Residual RMS in band

	0-25-062
	Database indentification

	
	Principal component scores for band

	1-01-000
	Delayed replication of one descriptor

	0-31-002
	Extended delayed replication factor

	0-40-017
	Non-normalised principal component score

	
	AVHRR scene analysis

	0-02-019
	Satellite instruments

	0-25-051
	AVHRR channel combination

	1-01-007
	Repeat next 1 descriptor 7 times

	3-40-004
	IASI Level 1c AVHRR single scene sequence

	0-20-081
	Cloud amount in segment

	0-08-029
	Remotely sensed surface type

	0-20-083
	Amount of segment covered by scene

	0-08-029
	Remotely sensed surface type

	0-40-018
	Average of imager measurements

	0-40-019
	Variance of imager measurements

	0-40-021
	Fraction of weighted AVHRR pixel in IASI FOV covered with snow/ice

	0-40-022
	Number of missing, bad or failed AVHRR pixels


4. Proposal for a normalised differential vegetation index (NDVI) sequence
At the request of some of its users, EUMETSAT has introduced a normalized differential vegetation index (NDVI) product.  This product is derived from the AVHRR instrument on METOP.  These data are being encoded in BUFR and disseminated to ECMWF using the RMDCN.
The NDVI product also includes information about illumination (day/twilight/night), land/coast/sea identification and a cloud mask.  In order to encode the data without having to use local descriptors, it is proposed to add the following (new entries in italics and underlined):

Sequence descriptor: 3-40-009 – Normalised differential vegetation index (NDVI) 

0-01-007
Satellite identifier
0-01-031
Generating centre
0-02-019
Satellite instrument
0-02-020
Satellite classification
3-01-011
Date
3-01-013
Time
0-05-040
Orbit number
2-01-136
Add 8 bits to width of next descriptor
0-05-041
Scan linen umber
2-01-000
Reset descriptor width
0-25-071
Frame count
0-05-001
Latitude (high accuracy)
0-05-001
Latitude (high accuracy)
0-06-001
Longitude (high accuracy)
0-06-001
Longitude (high accuracy)
1-07-064
Repeat next 7 descriptors 64 times
1-06-032 
Repeat next 6 descriptors 32 times
0-08-012
Land/sea qualifier
0-08-013
Day/night qualifier
0-08-065
Sun-glint indicator
0-08-072
Pixel(s) type
0-13-039
Terrain type (ice/snow)
0-40-015
Normalised differential vegetation index (NDVI)
Element descriptor:

Table B entry:
0-40-015
Name:

Normalised differential vegetation index (NDVI)
Units:

Numeric
Scale:

2

Reference:
-100

Width:

8

The NDVI values can (theoretically) range from -1 to 1.  
The proposed descriptor allows values from -1.00 to 1.54, with a precision of 0.01.

5. Proposed addition of code table entry for twilight
In order to be able to distinguish twilight conditions from day and night, it is proposed to make use of currently reserved value in the code table for descriptor 0-08-013 (Day/night qualifier).  
The current definition of the code table is:
0-08-013
Day/Night qualifier
Code Figure

0 

Night

1 

Day

2 

Reserved

3 

Missing value

It is proposed to update this to be as follows:
0-08-013
Day/Night qualifier
Code Figure

0 

Night

1 

Day

2 

Twilight
3 

Missing value

6. Conclusion
The meeting is invited to consider the proposed new BUFR descriptors and code table entries, and to endorse their addition to the existing tables.
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