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Summary and Purpose of Document

Radio Occultation (RO) data will soon be available for general distribution and will provide additional atmospheric soundings. A EUMETSAT Satellite Application Facility (SAF) has been considering a suitable BUFR specification for distribution of RO data and, after experience with an initial ‘prototype’ format, has proposed the BUFR sequence described below to be used by EUMETSAT and other RO processing centres for encoding the data.

ACTION PROPOSED

The team is requested to study the document for fast-track process approval and reservation of BUFR table B and D entries.

1. Background

Radio Occultation instruments are limb sounders measuring the refraction of radio signals transmitted from one satellite to another and passing through the Earth’s atmosphere. With the addition of background data, vertical profiles of atmospheric temperature and humidity can be generated.

The proposals contained in this document are taken from a study of the requirements of one such instrument, GRAS (GNSS Receiver for Atmospheric Sounding) scheduled to fly on Metop satellites in a few years time. However, the BUFR specification is designed to be generic and capable of supporting the encoding of Radio Occultation data from other instruments and by other processing centres. Details are given in Ref.[1] which was prepared jointly by the Danish Meteorological Institute, the United Kingdom Met Office and the Institut d’Estudis Espacials de Catalunya. 

The report points out that:

“The … BUFR specification has been derived in close consultation with both future suppliers of RO data … and a wide set of potential users in (mostly, but not limited to) the NWP community. This specification has been implemented … and demonstrated to work as intended with real CHAMP data processed by GFZ and UCAR.”

(‘CHAMP’ is a Radio Occultation instrument; ‘GFZ’= GeoForschungsZentrum [Potsdam. Germany]; ‘UCAR’= University Center for Atmospheric Research [Boulder, Colorado, USA].)

The proposed descriptor sequence has the following structure:

· Satellite information, date and time and overall quality information

· Precision orbital information

· Local earth parameters

· Profile of  bending angles

· Profile of derived atmospheric refractivity

· Profile of retrieved atmospheric temperature and humidity

· Retrieved surface pressure

Reference

[1]  “WMO FM94 (BUFR) Specification for GRAS SAF Processed Radio Occultation Data” EUMETSAT SAF (Satellite Application Facility) report prepared by DMI, Met Office U.K. and IEEC.

2.  Proposal
2.1.  New Table D sequence for Radio Occultation data
 310026 80 310022 Satellite, instrument and product information 

           025060 Software identification

           008021 Time significance (‘17’ = start of phenomenon)

           301011 Year, month, day

           301012 Hour, minute

           201138 Change width to 16 bits

           202131 Change scale to 3

           004006 Second

           202000 Change scale back to Table B

           201000 Change width back to Table B

           033039 Quality flags for Radio Occultation data

           033007 Per cent confidence

           304030 Location of platform

           304031 Speed of platform

           002020 Satellite classification

           001050 Platform transmitter ID number

           202127 Change scale to 1

           304030 Location of platform

           202000 Change scale back to Table B

           304031 Speed of platform

           201133 Change width to 18 bits

           202131 Change scale to 3

           004016 Time increment

           202000 Change scale back to Table B

           201000 Change width back to Table B

           301021 Latitude, longitude (high accuracy)

           304030 Location of point

           010035 Earth’s local radius of curvature

           005021 Bearing or azimuth

           010036 Geoid undulation

           113000 Delayed replication of 13 descriptors

           031002 Replication factor (16 bits)

           301021 Latitude, longitude (high accuracy)

           005021 Bearing or azimuth

           108000 Delayed replication of 8 descriptors

           031001 Replication factor

           002121 Mean frequency

           007040 Impact parameter

           015037 Bending angle

           008023 First-order statistics (‘13’ = r.m.s.)

           201125 Change width to 20 bits

           015037 Bending angle

           201000 Change width back to Table B

           008023 First-order statistics (‘63’ = missing)

           033007 Per cent confidence

           108000 Delayed replication of 8 descriptors

           031002 Replication factor (16 bits)

           010007 Height

           015036 Atmospheric refractivity

           008023 First-order statistics (‘13’ = r.m.s.)

           201123 Change width to 14 bits

           015036 Atmospheric refractivity

           201000 Change width back to Table B

           008023 First-order statistics (‘63’ = missing)

           033007 Per cent confidence

           114000 Delayed replication of 14 descriptors

           031002 Replication factor (16 bits)

           010009 Geopotential height

           007004 Pressure

           012001 Temperature

           013001 Specific humidity

           008023 First-order statistics (‘13’ = r.m.s.)

           201120 Change width to 6 bits

           007004 Pressure

           201122 Change width to 6 bits

           012001 Temperature

           201123 Change width to 9 bits

           013001 Specific humidity

           201000 Change width back to Table B

           008023 First-order statistics (‘63’ = missing)

           033007 Per cent confidence

           008003 Vertical significance (‘0’ = surface)

           010009 Geopotential height

           007004 Pressure

           008023 First-order statistics (‘13’ = r.m.s.)

           201120 Change width to 6 bits

           007004 Pressure

           201000 Change width back to Table B

           008023 First-order statistics (‘63’ = missing)

           033007 Per cent confidence

2.2.  New Table B descriptors

	F  X    Y
	Element name
	BUFR
	CREX

	0 07 040
	Impact parameter
	m
	1
	62000000
	22
	m
	1
	8

	0 10 035
	Earth’s local radius of curvature
	m
	1
	62000000
	22
	m
	1
	8

	0 10 036
	Geoid undulation
	m
	2
	-15000
	15
	m
	2
	6

	0 15 036
	Atmospheric refractivity
	N-units
	3
	0
	19
	N-units
	3
	6

	0 15 037
	Bending angle
	Radians
	8
	-100000
	23
	Radians
	8
	7

	0 33 039
	Quality flags for Radio Occultation data
	Flag table
	0
	0
	16
	Flag table
	0
	6


2.3.  Additional notes to Table B

Class 02.

(8)
For an atmospheric limb sounder, the “impact parameter” is the distance between the ray asymptote and the centre of curvature of the Earth’s surface at the tangent point.

Class 10

(4)
The  “geoid undulation” is the difference between the reference ellipsoid (WGS-84) and the geoid height (EGM96) at the geographic location of the observation, both referenced to the centre of mass of the Earth.

Class 15

(5) 
The refractivity, N, is related to the refractive index, n by the formula N = 106 (n - 1). N is therefore dimensionless but values computed by the formula are by convention described as being in ‘N-units’.

2.4. Additions to Common Code Table C-5 (Satellite Identifier)
              Descriptor         Value     Meaning
                001007             40      Oersted   

41 Champ

722 GRACE A

723 GRACE B

740 COSMIC-1

741 COSMIC-2

742 COSMIC-3

743 COSMIC-4

744 COSMIC-5

745 COSMIC-6

800 Sunsat

820  SAC-C

         (Note:  SUNSAT is South African and SAC-C Argentinian.)

2.5.  New Flag Table

    Descriptor   Bit 

      033039      1    Non-nominal quality

                  2    Offline product

3 Ascending occultation flag

4 Excess Phase processing non-nominal

5 Bending Angle processing non-nominal

6 Refractivity processing non-nominal

7 Meteorological processing non-nominal

8-13 Reserved

14 Background profile non-nominal

15 Background (i.e. not retrieved) profile present

               All 16  Missing value

2.6. New entries to Common Code Table C-12
The following entries need to be added to the to Common Code Table C-12 (sub-centres of originating centres) under Originating Centre 74 (UK Met Office). An entry for code figure 27 already appears in the Codes Manual but should be modified as in the table below to distinguish it from new entry 28.

0 Met Office (UK)

2
Fucino

3
Gatineau

4
Maspalomas

5
ESA ERS Central Facility

6
Prince Albert

7
West Freugh

13
Tromso

27 Nordic Commission of Geodesy (Norway)

28 Nordic Commission of Geodesy (Sweden)

29 Institute de Geodesie National (France)

30 Bundesamt fur Kartographie und Geodesie (Germany)

31 Institute of Engineering Satellite Surveying and Geodesy (U.K.)

