
The challenge
• We would like to represent 

various level-dependent 
quantities in BUFR (products 
from polarimetric RO, aircraft 
RO, extra diagnostics)

• Adding space for these would 
inflate the size of the BUFR file

• We would like flexibility to future 
(unknown) diagnostics



Current BA layout
Data
Field Element Name Descrip. Table B

Scale
Table B
Ref. Val.

Table B
Width Units Comments

RO 'Step 1b' data (see Notes 2 & 5)

Delayed replication 1 13 000 Delayed replication of next 13 descriptors
38 Replication factor 0 31 002 0 0 16 Numeric Number of Step 1b samples, n1

39–40 Location
(high accuracy)

3 01 021

39 Latitude 0 05 001 5 -9000000 25 Degrees to 10-5 deg (~1m) wrt WGS-84
40 Longitude 0 06 001 5 -18000000 26 Degrees to 10-5 deg (~1m) wrt WGS-84
41 Bearing or azimuth 0 05 021 2 0 16 Deg. True GNSS-to-LEO line of sight

Delayed Replication 1 08 000 Delayed replication of next 8 descriptors
42 Replication factor 0 31 001 0 0 8 Numeric Number of frequencies, n0
43 Mean Frequency 0 02 121 -8 0 7 Hz E.g. L1 = 1.5 GHz, L2 = 1.2 GHz, Corrected = 0
44 Impact Parameter 0 07 040 1 62 000 000 22 Metres 6200–6600 km to 10cm

(distance from centre of curvature)
45 Bending Angle 0 15 037 8 -100 000 23 Radians -10-3 – 8x10-2 rad to 10-8 rad
46 First order statistics 0 08 023 0 0 6 Code Table 13 = RMS

Change Table B bit width 2 01 125 Subtract 3 from bit width
47 (Error in) bending angle 0 15 037 8 -100 000 (20) 23 Radians 0 – 8x10-3 rad to 10-8 rad

Change width to Table B 2 01 000
48 First order statistics 0 08 023 0 0 6 Code Table Missing = off
N0 (end delayed replication) N0 = 42+6.n0 elements

N0+1 Percent confidence 0 33 007 0 0 7 % 0 = bad, 100 = good
N1 (end delayed replication) N1 = 38+(5+6.n0).n1 elements



Data
Field Element Name Descrip. Table B

Scale
Table B
Ref. Val.

Table B
Width Units Comments

RO 'Step 1b' data (see Notes 2 & 5)

Delayed replication 1 13 000 Delayed replication of next 13 descriptors
38 Replication factor 0 31 002 0 0 16 Numeric Number of Step 1b samples, n1

39–40 Location
(high accuracy)

3 01 021

39 Latitude 0 05 001 5 -9000000 25 Degrees to 10-5 deg (~1m) wrt WGS-84
40 Longitude 0 06 001 5 -18000000 26 Degrees to 10-5 deg (~1m) wrt WGS-84
41 Bearing or azimuth 0 05 021 2 0 16 Deg. True GNSS-to-LEO line of sight

Delayed Replication 1 08 000 Delayed replication of next 8 descriptors
42 Replication factor 0 31 001 0 0 8 Numeric Number of frequencies, n0
43 Mean Frequency 0 02 121 -8 0 7 Hz E.g. L1 = 1.5 GHz, L2 = 1.2 GHz, Corrected = 0
44 Impact Parameter 0 07 040 1 62 000 000 22 Metres 6200–6600 km to 10cm

(distance from centre of curvature)
45 Bending Angle 0 15 037 8 -100 000 23 Radians -10-3 – 8x10-2 rad to 10-8 rad
46 First order statistics 0 08 023 0 0 6 Code Table 13 = RMS

Change Table B bit width 2 01 125 Subtract 3 from bit width
47 (Error in) bending angle 0 15 037 8 -100 000 (20) 23 Radians 0 – 8x10-3 rad to 10-8 rad

Change width to Table B 2 01 000
48 First order statistics 0 08 023 0 0 6 Code Table Missing = off
N0 (end delayed replication) N0 = 42+6.n0 elements

N0+1 Percent confidence 0 33 007 0 0 7 % 0 = bad, 100 = good
N0+2 Polarimetric phase difference ? ? ? ? ?
N0+3 Local spectral width ? ? ? ? Radians
N0+4 Rényi entropy ? ? ? ? ?

N1 (end delayed replication) N1 = 38+(5+6.n0).n1 elements

Adding new elements



Data
Field Element Name Descrip. Table B

Scale
Table B
Ref. Val.

Table B
Width Units Comments

ARO extra data

Delayed replication 1 13 000 Delayed replication of next 9 descriptors
N4+1 Replication factor 0 31 002 0 0 16 Numeric Number of ARO samples, n4
N4+2 Aircraft height 0 07 002 0 -1 000 17 Metres Geometric altitude, -1km to 100km, wrt

EGM-96 geoid (MSL)
N4+3 Atmospheric refractivity (in-situ 

aircraft N(p,T,rh))
0 15 036 3 0 19 N-units 0-500, to 10-3 N-units

N4+4 First order statistics 0 08 023 0 0 6 Code Table 13 = RMS
N4+5 Partial bending angle ? 8 0 23 Radians

Change Table B bit width 2 01 125 Subtract 3 from bit width
N4+6 (Error in) refractivity 0 15 036 3 0 16 N-units 0-10, to 10-3 N-units
N4+7 Change width to Table B 2 01 000
N4+8 First order statistics 0 08 023 0 0 6 Code Table Missing = off
N4+9 (end delayed replication) N0 = 42+6.n0 elements

Additional Aircraft RO



A flexible solution
Data
Field Element Name Descrip. Table B

Scale
Table B
Ref. Val.

Table B
Width Units Comments

RO 'Step 1b' data (see Notes 2 & 5)

Delayed replication 1 13 000 Delayed replication of next 13 descriptors
38 Replication factor 0 31 002 0 0 16 Numeric Number of Step 1b samples, n1

39–40 Location
(high accuracy)

3 01 021

39 Latitude 0 05 001 5 -9000000 25 Degrees to 10-5 deg (~1m) wrt WGS-84
40 Longitude 0 06 001 5 -18000000 26 Degrees to 10-5 deg (~1m) wrt WGS-84
41 Bearing or azimuth 0 05 021 2 0 16 Deg. True GNSS-to-LEO line of sight

Delayed Replication 1 08 000 Delayed replication of next 8 descriptors
42 Replication factor 0 31 001 0 0 8 Numeric Number of frequencies, n0
43 Product Type ? 0 0 7 Code Table Identification of following entry
44 Level 1b Product Various Various Various 23 Various
N0 (end delayed replication) N0 = 42+6.n0 elements
N1 (end delayed replication) N1 = 38+(5+6.n0).n1 elements

Is this too flexible?



Code 
value Element Name Descrip. Table B

Scale
Table B
Ref. Val.

Table B
Width Units Comments

Level 1b product code table

1 Mean Frequency 0 02 121 -8 0 12 Hz E.g. L1 = 1.5 GHz, L2 = 1.2 GHz, Corrected
= 0

2 Impact Parameter 0 07 040 1 62 000 000 22 Metres 6200–6600 km to 10cm
(distance from centre of curvature)

3 Bending Angle 0 15 037 8 -100 000 23 Radians -10-3 – 8x10-2 rad to 10-8 rad
4 (Error in) bending angle 0 15 037 8 -100 000 20 Radians 0 – 8x10-3 rad to 10-8 rad
5 Percent confidence 0 33 007 0 0 7 % 0 = bad, 100 = good
6 Polarimetric phase difference ? ? ? ? ?
7 Local spectral width ? ? ? 23 Radians
8 Rényi entropy ? ? ? ? ?

9 Aircraft height 0 07 002 0 -1 000 17 Metres Geometric altitude, -1km to 100km, wrt
EGM-96 geoid (MSL)

10 Atmospheric refractivity (in-situ 
aircraft N(p,T,rh))

0 15 036 3 0 19 N-units 0-500, to 10-3 N-units

11 (Error in) refractivity 0 15 036 3 0 16 N-units 0-10, to 10-3 N-units

12 Uncalibrated phase change 
between horizontal and vertical 
polarised measurements

? ? ? ? ?

13 Calibrated phase change between 
horizontal and vertical polarised 
measurements

? ? ? ? ?

Code table



1. Add new descriptor for sub-satellite number 0-01-016
a. Initially to section 3
b. Later to appropriate place in section 4

2. Sharing high-volume data on GTS
a. Subsets will be available for providers to use (decoders may need to updated)

3. Product confidence data (PCD) flags are out of date and need reviewing
4. Addition of single value diagnostics

a. Two for duct detection
b. SNR
c. Bending angle variance 60-80 km
d. Retrieved dry pressure at 15km
e. Tropopause height
f. Boundary layer height

Other proposed changes



5. Update the software ID descriptor as needed
6. Clarify the time of the occultation

1. Add an element “SLTA when reference point is calculated”
2. Replace time increment with two time increments:

1. Time since start of occultation
2. Time until end of occultation

3. Increase possible range of time increments

7. Increase the precision of the “mean frequency” descriptor
8. Include approximate tangent point time with the observation location (currently lat/lon)
9. Add unique descriptor for Error in … quantities (currently they share descriptors which is confusing)
10. Add aircraft / balloon / station height to allow a greater range of data sources

Other proposed changes



• Sunday 11th September, 9-11am
• ARO-specific issues 11am-12pm
• Seminar room 2

• All welcome

• neill.bowler@metoffice.gov.uk

BUFR side-discussion

Excursion to Graz – 10:15
Guided tour Schloss – 11:00

mailto:neill.bowler@metoffice.gov.uk
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