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Summary and Purpose of Document
This document proposes new data and sequence descriptors for AMDAR that better reflect current observing practice.  A new sounding (profile) template is proposed also, designed to meet local requirements in data sparse regions.  Consideration is given to the need for validation of the proposals prior to operational implementation

________________________________________________________________

ACTION PROPOSED
The meeting is requested to consider the proposals and recommend them for approval by CBS.

AMDAR DATA AND CODING REQUIREMENTS

Discussion.
1. Coding.

1.1
The data requirements for AMDAR are fully described in the AMDAR Reference Manual (an AMDAR Panel document to be published in 2002).

The requirement for GTS encoding is shown in tabular form (Table 1) below, giving existing data sources against the current alphanumeric code (FM 42 -XI Ext) and the current BUFR (FM 94) descriptors.  Where a BUFR descriptor does not fully meet the requirement it is shown in parenthesis.  The list of elements does not include all the possible reported elements in FM 42 - XI Ext.  This recognises the present observing and reporting practice and omits unused or empty data groups.  The groups affected are:

Ss1s2s3 - these were useful in the early days of ASDAR/AMDAR development.

Fhdhdhd - this group is indicated altitude above QNH reference level to 700hPa and flight level (referred to standard pressure) above.  It is not useful for international exchange without knowledge of local QNH and is not generally included in the aircraft source data.

AMDAR data sources ASDAR, ADS and 'other AMDAR' are shown.  ADS refers to data received in accordance with ICAO requirements for aircraft using Automatic Dependent Surveillance.  Other AMDAR includes so-called 'ACARS' systems (actually indicating the air-ground link used) and accounts for the majority of current systems.  An 'X' in the data source column indicates a match between data source and available BUFR code.

Notes on source data and coding requirements are given for each element.

It is clear that the current sequence descriptors cannot be used efficiently to disseminate AMDAR data and some new data descriptors need to be designed.

1.2
A revised AMDAR template is proposed in Table 2 with new BUFR descriptors (shown in bold) as necessary to meet the anticipated needs of processing centres and local forecast offices respectively.  It is designed to avoid the large number of rarely used or unwanted data (Section 4) descriptors in the current Table D.

Notes are provided to explain the rationale used to determine the new sequence and data descriptors. 

1.3 Table 3 gives proposed additions to BUFR Table B, followed by associated 

Code tables where needed.

1.4 Two new TABLE D descriptor sequences are proposed in Table 4.  These are a new sequence for a standard AMDAR message and a sequence for each level for a simplified AMDAR sounding.

1.5 A need has been expressed for AMDAR data to be encoded in simple 'single 

sounding' format to meet local needs at aerodromes in data sparse areas. As normally circulated, each AMDAR report is a single level message not well suited to local processing, especially to produce vertical profiles of the atmosphere along the lines of a radio-sonde sounding.  A proposed AMDAR profile template is given in Table 5.  As for a radio-sonde sounding, the position and time of each level is omitted.  The position, date and time is taken as the lowest level available for the sounding.  This will be the first level in the case of an ascent and the last level in the case of a descent. The phase of flight descriptor is convenient to identify ascent or descent profiles. Strictly, this descriptor applies to a single observation only but used here it is unambiguous.  These profiles can be produced only by data processing centres that retain databases of AMDAR reports. The CREX format for GTS encoding is recommended to make these data of immediate value for meteorological services that do not process BUFR messages.

2. Code validation.

2.1 Before introduction to general use it will be necessary to validate the code in an operational environment.

2.2 Ideally the source data will include all current AMDAR downlink formats. 

This is not realistic, as there are many different formats in use, some of which are not accessible to meteorological centres.  In the case of ASDAR, GTS encoding is done at the satellite ground stations and subsequent BUFR encoding is only possible using FM 42 as the data source.  ADS data are received at the WAFCs.  In principle these data are unchanged from the original source (aircraft generated) format.  Further encoding of ADS reports is the responsibility of the WAFCs.  In the USA encoding of most raw AMDAR data is carried out by ARINC (the communication service provider) prior to reception at NCEP.  In Europe some encoding is done by national meteorological centres but a particularly comprehensive system is operated by the EUMETNET AMDAR (E-AMDAR) programme.  The E-AMDAR system is ideally placed to test new BUFR templates and has the technical capability for off-line and pre-operational end to end validation.  A similar service might be available from the Australian Bureau of Meteorology that has a well-developed AMDAR processing system.

2.3 In view of the above considerations it is recommended that the AMDAR Panel 

co-ordinates further validation of AMDAR BUFR and CREX encoding.

3.
Operational Implementation

Some processing Centres will be ready to produce AMDAR data in BUFR in the new template during 2002. It is therefore propose to request a pre-operational experimental implementation for 6 November 2002.  The CBS will be then asked to endorse the BUFR/CREX additions for full operational implementation in November 2003.
Table 1

AMDAR reporting requirements and current GTS codes

Element no
Element
FM 42 –XI

Et
FM 94 BUFR

DESCRIPTOR

(BUFR Table B)
RELATED SEQUENCE DESCRIPTOR(S)
Data Source






ASDAR
ADS
Other AMDAR
Note

1
Aircraft identifier
IA…..IA
0 01 006
3 01 051, 3 11 001
X


X


X


1




0 01 006

0 01 008
3 01 065, 3 11 002












X
2

2 
Observation number





X
3

3
Phase of flight
ipipip
(0 08 004)
3 01 051, 3 11 001
X

X
4







3 01 066, 3 11 002





4
Latitude
LaLaLaLaA
0 05 001
3 01 021, 3 01 051, 3 11 001

X
X
5




0 05 002
3 01 023, 3 01 066, 3 11 002 
X
X
X
6

5
Longitude
LoLoLoLoLoB
0 06 001
3 01 021, 3 01 051, 3 11 001

X
X
5




0 06 002
3 01 023, 3 01 066, 3 11 002 
X
X
X
6

6
Day and time of observation
YYGGgg
Year
0 04 001
3 01 011 
3 01 051, 3 11 001

3 01 066, 3 11 002

X

7






Month
0 04 002



X






Day
0 04 003


(X)
X
X
8




Hour 
0 04 004 


3 01 012
3 01 051, 3 11 001
X
X


X









3 01 013
3 01 066, 3 11 002








Minute
0 04 005
3 01 012
3 01 051, 3 11 001
X
X


X








0 04 005
3 01 013
3 01 066, 3 11 002








Second
0 04 006



X

7

7
Pressure Altitude
ShhIhIhI
(0 07 002)
3 11 001
X
X
X
9

8 
Static air temperature

(SAT)
SSTATATA
0 12 001
3 11 001

3 11 003, 3 11 002
X
X
X


9
Humidity
RH
UUU
0 13 002


X
X
10



Dew Pt
SSTdTdTd
0 12 003



X




Mixing ratio

0 13 002
3 11 003, 3 11 002


X


10 
Wind Direction
ddd
0 11 001
3 11 001

3 11 003, 3 11 002
X
X
X


11/11a
Wind speed/

Maximum wind
fff
0 11 002
3 11 001

3 11 003, 3 11 002
X
X
X


11b
Wind quality/roll angle

0 02 064
3 01 066, 3 11 002
X
X
X
11

12
Turbulence
Degree of turbulence
TBBA
0 11 031
3 11 001
X

X




Vert. gust
VGfgfgfg
0 11 036



X
12



Intensity (EDR)

0 11 075



X
13



Peak(EDR)

0 11 076
3 11 004, 3 11 002


X




Turbulence index (EDR)

0 11 037


X

14



Time of peak EDR

(0 11 038)


X

14,15



EDR reporting interval






16

13
Airframe Icing
Ice/no ice

(0 20 041)
3 11 001


X
17



Pk liquid water content





X
18



Av. liquid water content





X




Supercooled droplet conditions





X


Notes on Table 1:

1. Identifiers include aircraft registration numbers, ASDAR identifiers, ICAO airframe numbers, flight numbers and arbitrary numbers relating to specific programmes. The current BUFR Table B descriptor is suitable.

2. Flight number does not uniquely identify a specific aircraft.

3. This is a new proposal to assist in data management and is to be attached to source data.

4. The current phase of flight table can be expanded to give more information on the derivation of source data and include a quality indicator related to aircraft attitude.

5. High-resolution position is available from most systems except ASDAR.

6. ASDAR positions are resolved to one minute of latitude or longitude.

7. ADS data include a full date/time group.

8. For ASDAR day of month is appended at the ground receiving station.

9. Flight level (also called pressure altitude) is downlinked from the aircraft.  ASDAR and some AMDARs report to a resolution of 100ft.  The current requirement calls for a resolution of at least 10ft (~3m) hence a new descriptor is needed.

10. A sensor is currently under development for operational deployment. ADS data format allows for RH reporting.

11. Also included in phase of flight.

12. Reported by most non-US AMDARS.

13. Reported by some US AMDARs.

14. Specified for ADS.

15. Descriptor does not cover adequate range for ADS reports.

16. Needed to qualify EDR measurements.

17. Ice/no ice required from AMDAR.  Sensor available on most aircraft.

18. ARINC 620 downlink code available.

Table 2

Proposed New BUFR Template for AMDAR

Element
FM 94 BUFR

DESCRIPTOR

(BUFR Table B)
RELATED SEQUENCE DESCRIPTOR(S)

(BUFR Table D)
Notes

Aircraft identifier
0 01 006

3 11 005
1

Sequence number
0 01 023


2, Table 3

Detailed phase of aircraft flight
0 08 009


3, Table 3

Latitude
0 05 001
3 01 021 





Longitude
0 06 001




Year
0 04 001
3 01 011



Month
0 04 002


4, Table 4

Day
0 04 003




Hour
0 04 004
3 01 013



Minute
0 04 005




Second
0 04 006




Pressure Altitude (flight level)
0 07 010
3 11 006

5, Table 3



Wind Direction
0 11 001


6, Table 4

Wind speed/

Maximum wind
0 11 002




Static air temperature

(SAT)
0 12 001




Degree of turbulence 
0 11 031




Maximum derived equivalent gust speed
0 11 036




ACARS interpolated values
0 33 025




Phase of flight 
0 08 004




Wind quality/roll angle
0 02 064
3 11 006

6, Table 4

Humidity
RH
0 13 002





Dew Pt
0 12 003
3 11 006

6, Table 4


Mixing ratio
0 13 002




Turbulence

(EDR)
Delayed replication of two descriptors
1 02 000


7


 Delayed descriptor replication factor
0 31 001


7


Intensity (EDR)
0 11 075





Peak(EDR)
0 11 076





Turbulence index (EDR)
0 11 037





Extended time of occurrence of peak  EDR
0 11 039


8, Table 3


EDR reporting interval
0 11 077


9, Table 3

Airframe Icing
Ice/no ice
0 20 042


10, Table 3


Peak liquid water content
0 20 043


11, Table 3


Average liquid water content
0 20 044


11, Table 3


Supercooled water droplet conditions
0 20 045


11, Table 3

Notes on Table 2:

1.
This identifier can cope with ASDAR, ADS and other AMDAR identities.   ADS reports use a 24-bit ICAO airframe identifier, equating to an 8-character BCD number.

2. The sequence number is a simple observation count to be included in the downlinked message.  It should be reset at 0000 UTC each day and is especially useful for quality control, data management and archiving purposes.

3 
This phase of flight table is expanded to indicate wind quality from roll angle (or roll and pitch combined) and also to indicate the method of ascent and descent observation interval selection either by time or pressure increments.
4 The new sequence descriptor includes the basic data measured by all current AMDAR platforms together with turbulence elements measured by most modern systems.  The message is readily expanded to include Eddy Dissipation Rate, water vapour and icing information, should it become generally available by using the additional descriptors shown.

5 Flight level is defined relative to the ICAO standard sea level pressure and is readily converted to static air pressure using standard formulae.  Once converted, the original resolution (either 100ft or 10ft) is lost, hence it is desirable to disseminate the element in the received form.  The descriptor shown is designed to deal with high-resolution flight level data.
6 The new sequence descriptor groups data appropriate to encoding a single sounding from ascent or descent data from a single aircraft.  Note that not all the 3 11 006 sequence is included in 3 11 005.

7 Some aircraft report up to 10 pairs of EDR values per observation.

8 
The new table allows observation intervals up to one hour.  The existing descriptor (0 11 038) allowed up to 15 minutes only whereas observation intervals of 30min or more are commonly used.
9 The EDR observing interval and associated averaging time differs according to individual observing schedule and cannot be assumed to be identical to the observation interval for the main elements.  It is desirable to include this information in the coded data.

10 Ice/no ice indication is available on some aircraft.  The current code table did not allow for this simple report.  

11 A special automatic icing report, including these elements, is expected to become available from some aircraft and a downlink code has been published.

Table 3

Proposed additions to BUFR Table B

TABLE REFERENCE
TABLE ELEMENT NAME
BUFR
CREX

F       X        Y

UNIT
SCALE
REFERENCE

VALUE
DATA

WIDTH

(Bits)
UNIT
SCALE
DATA 

WIDTH

(characters)

0        01    023
Observation sequence number
Numeric
0
0
9
Numeric
0
3

0        08    009
Detailed phase of flight
Code Table
0
0
4
Code table
0
2

0        07    010
Flight level
m
0
-1024
16
ft
1
5

0        11    039
Extended time of occurrence of peak  Eddy Dissipation Rate
Code table
0
0
6
Code table
0
2

0        11    077
Reporting interval or averaging time for Eddy Dissipation Rate
s
0
0
12
s
0
4

0        20    042 
Airframe icing present
Code table
0
0
2
Code table
0
1

0        20    043
Peak liquid water content
Kg m-3
4
0
7
Kg m-3
4
2

0        20    044 
Average liquid water content
Kg m-3
4
0
7
Kg m-3
4
2

0        20    045
Supercooled large droplet (SLD) conditions
Code table
0
0
2
Code table
0
2

Proposed New Code Tables

0 08 009

Detailed phase of aircraft flight
Code

figure


0
Level flight, routine observation, unsteady

1
Level flight, highest wind encountered, unsteady

2
Unsteady (UNS)

3
Level flight, routine observation (LVR)

4
Level flight, highest wind encountered (LVW)

5
Ascending (ASC)

6
Descending (DES)

7
Ascending, observation intervals selected by time increments

8
Ascending, observation intervals selected by time increments, unsteady

9
Ascending, observation intervals selected by pressure increments

10
Ascending, observation intervals selected by pressure increments, unsteady

11
Descending, observation intervals selected by time increments

12
Descending, observation intervals selected by time increments, unsteady

13
Descending, observation intervals selected by pressure increments

14
Descending, observation intervals selected by pressure increments, unsteady

15
Missing value

0 11 039

Extended Time of Occurrence of Peak Eddy Dissipation Rate
Code

figure
Minutes prior to

observation time (min)

0

min < 1

1

1 <= min < 2

2

2 <= min < 3

3

3 <= min < 4

4

4 <= min < 5

5

5 <= min < 6

6

6 <= min < 7

7

7 <= min < 8

8

8 <= min < 9

9

9 <= min < 10

10

10 <= min < 11

11

11 <= min < 12

12

12 <= min < 13

13

13 <= min < 14

14

14 <= min < 15

15-59
As above to 59 <=min < 60

60
No timing information available

61-62
Reserved

63
Missing value

0 20 042

Airframe Icing present
Code

figure


0
No icing

1
Icing present

2
Reserved

3
Missing value

0 20 045

Supercooled large droplet (SLD) conditions
Code

figure


0
No SLD conditions present

1
SLD conditions present

2
Reserved

3
Missing value

Table 4

Proposed additions to BUFR table D

TABLE REFERENCE
TABLE REFERENCES
ELEMENT NAME

F
X
Y









(Standard AMDAR reports)

3
11
005
3
01
021
Latitude and longitude




3
01
011
Year, month and day




3
01
013
Hour, minute and second




0
07
010
Flight level




0  
08
009
Detailed phase of flight




0
11
001
Wind direction




0
11
002
Wind speed 




0
11
031
Degree of turbulence




0
11
036
Derived equivalent vertical gust speed




0
12
001
Temperature/dry-bulb temperature




0 
33
025
ACARS interpolated values







(AMDAR sounding data)

3
11
006
0
07
010
Flight level




0
11
001
Wind direction




0
11
002
Wind speed 




0 
02
064
Roll angle quality




0
12
001
Temperature/dry-bulb temperature




0  
12
003
Dew-point temperature

Table 5

Proposed AMDAR profile

Element


FM 94 BUFR descriptor/ sequence descriptor (BUFR Table B/D)
Notes
CREX descriptor

Aircraft identifier
0 01 006

B 01 006

Year, month,

day
3 01 011
Date/Time  and position of first level in profile
D 01 011

Hour, Min, second
3 01 013

D 01 013

Latitude,

Longitude
3 01 021

D 01 021

Phase of flight 
0 08 004
Ascent or descent profile
B 08 004

Delayed replication of one descriptor
1 01 000

R 01 000

Delayed descriptor replication factor
0 31 001
Number of levels following


AMDAR sounding data
3 11 006

D  11 006

