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	Summary and purpose of document

This document contains information on a review of the BUFR/CREX tide elevation common sequences and descriptors available for reporting water level and coastal seal level tide data and identified the deficiencies in existing provisions and the inconsistency between the corresponding BUFR and CREX descriptors.  A new BUFR/CREX template is proposed for validation and pre-operational implementation.



ACTION PROPOSED:

The meeting is invited to discuss the contents of this document, provide comments and recommend the proposed changes to the BUFR/CREX tide elevation template for validation.

1. Background
The Centre for Operational Oceanographic Products and Services (CO-OPS) at the National Ocean Service (NOS) first implemented the CREX code form for reporting real-time and near real-time water level and meteorological information to the National Weather Service (NWS)
.  Data bulletins that use the CREX code form include routine water level reports, routine meteorological data associated with the water level station, storm surge reports and ancillary meteorological data.  The abbreviated headings of the NWS water level data bulletins (designators T1T2A1A2ii CCCC) using the CREX code form are SOUS[50,52,53,54] KWBC, SOPA56 KWBC and SOAK58 KWBC.  The bulletins are not intended for tsunami warning purpose.
The CREX common sequence being used by the NOS CO-OPS stations for reporting routine and storm surge water level data is D060024 which included descriptors B22038 (tidal elevation) and B22039 (residual of observed tidal elevation and tidal prediction).  The routine and storm surge ancillary meteorological data reports use D06021.
The Australian Bureau of Meteorology successfully tested and implemented CREX common sequence D06025 which included descriptors B22038 (tidal elevation) and B22039 (residual) for reporting 1-minute time series of sea level tidal elevations and residuals transmitted in near real- time on GTS every 3 minutes since December 2006 for tsunami warning purpose in the region.
  The total number of Australian sea level stations reporting 1-minute data on GTS has increased to 29 including 14 stations in the Australian baseline network, 13 stations in the Pacific and South Pacific Ocean and 2 in the Indian Ocean.
A number of other countries including Malaysia, New Zealand and Meteo France have expressed interest in conducting trials with Australia for using one of the approved CREX sea level templates for reporting seal level tidal elevations.  Most of them have chosen not to include tidal predictions or residuals and they are testing for sending the data using CREX template D06019 (tide report identification, water level checks and time increments) and the descriptor B22038 (tidal elevation).
The abbreviated headings of the high resolution sea level data bulletins using the CREX code form are as follows:
	TTAAii
	CCCC
	Status
	Number of stations

	SZAU01
	AMMC
	operational
	14 stations in Australian Baseline Network

	SZPS01
	AMMC
	operational
	11 stations in South Pacific Ocean

	SZPA01
	AMMC
	operational
	2 stations in the Pacific north of equator

	SZIO01
	AMMC
	operational
	2 stations in Indian Ocean

	SZMS01
	WMKK
	Testing
	6 stations in Malaysian coastal waters

	SZIO01
	EUMS
	Testing
	Mayotte Island

	SZPS01
	NZKL
	Testing 
	Stations operated under GeoNet project in New Zealand


2.  Review of the existing BUFR/CREX sea level templates and descriptors
This is a review of all common sequences in BUFR Table D, CREX Table D and the BUFR / CREX Table B descriptors related to tidal elevations and residuals.  Comments are given for the sequences / descriptors identified with some deficiencies or inconsistency between the corresponding BUFR and CREX components.
2.1  BUFR Table D common sequence

Two common sequences 306019 and 306023 (BUFR Table D Version 13, 07/11/2007) are tidal elevation / residual related templates.  Only 306023 consists of descriptors available for reporting tidal elevation and residual.  There is no embedded replication in this sequence to repeat multiple tidal values and residuals in the same report.  Therefore it is not considered suitable for reporting time series.  Time series reports will have to use 306019 together with a fixed or delayed replication of descriptors including tidal elevation and/or residuals (022038 and 022039).  Currently no time series or reports of tidal elevations / residuals distributed on GTS are using BUFR.  

	BUFR/CREX
Sequence
	Descriptors to note

	Comments 

	3 06 019

D 06 019

	0 04 015

B 04 015


	Time increment in minutes (12 bits, scale 0, reference -2048)

Normal range of values is -2048 to 2046 but be aware that this is not consistent with the range of values allowed in CREX.

Corresponding descriptor in CREX is 4 characters but reduced to 2 characters by a Table C operator, range of values is -99 to 99 (minutes).

	3 06 023
No CREX equivalent
	0 22 038
0 22 039
	For single reports of tidal elevation and residual, not suitable for reporting multiple values in a time series
No CREX sequence with the same sequence number.  D06022 is similar but not using the same station ID descriptor and no lat/long descriptors.

See comments for BUFR descriptor 022039 in Para. 2.3


2.2  CREX Table D common sequence

Six CREX Table D common sequences (Version 5, 07/11/2007) are related to tide report templates.  Two of them D06020 and D06024 are deprecated and should not be used because of the incorrect use of descriptor B04075.  Only two sequences (D06022 and D06025) consist of descriptors (B22038 and B22039) available for reporting tidal elevations and residuals.  
	CREX

Sequence
	Descriptors to note
	Comments 

	D 06 019
	B 04 015
	See comments for BUFR descriptor 004015 above

	D 06 020

	B 04 075
	This sequence is deprecated because of incorrect use of descriptor B04075.  This is a time period or displacement descriptor, not really intended for time increment.  WMO Codes Manual recommends using D06019 instead.

	D 06 021
	B 12 001

D 03 002

0 07 004
	For single reports of pressure, air temperature, wind direction and speed, not suitable for reporting multiple values in a time series

D03002 is pressure, air temperature, wind direction and speed (007004, 011001, 011002).  Note that  007004 is pressure level for upper air reporting, not really MSL pressure or station level pressure.

	D 06 022
	B 22 038

B 22 039
	For single reports of tidal elevation and residual, not suitable for reporting multiple values in a time series

	D 06 024


	B 04 075
	This sequence uses D06020 which has been deprecated, see comments above.  WMO Codes Manual recommends using D06025 instead.

	D 06 025
	D 22 038

D 22 039
	Tidal elevation – no problem

Residual – no problem in CREX, valid values -9.999 to 9.999 m.  See comments for the corresponding descriptor in BUFR 022039 in Para. 2.3


2.3  BUFR / CREX Table B descriptors
	BUFR/CREX

Descriptor
	BUFR (scale, ref, bits)
CREX (scale, char)
	Comments 

	0 22 035
	BUFR (2, 0, 14)

CREX (2, 4)
	Tidal elevation w.r.t. local chart datum
BUFR - range of values is 0 to 163.82 m. Tidal elevation can be negative (below chart datum) for several occasions each year.  This descriptor should not be used. 
CREX - no problem but precision is 10 mm which is not common practice to 1 mm.  This descriptor should be avoided

	0 22 036
	BUFR (2, 0, 14)

CREX (2, 4)
	Residual

BUFR - range of values is 0 to 163.82 m, no negative values.  Positive and negative residuals are equally distributed about zero.  This descriptor should be removed. 
CREX – residuals less than 10 mm cannot be reported.  This descriptor should be removed.

	0 22 037

0 22 038
	BUFR (3, -10000, 15)

CREX (3, 5)
	Tidal elevation w.r.t. national land and local chart datum
BUFR – No problem, valid values is -10 to 22.766 m 
CREX – No problem, valid values is –99.999 to 99.999

	0 22 039
	BUFR (3, -5000, 14)

CREX (3, 4)
	Residual

BUFR - (12 bits, scale 0, reference -5000) recently increased to 13 bits.

12 bits allow a range of values -5 to -0.906 m practically any positive residuals are not allowed.  Residual values are symmetric about zero.  It is wrong with bias to negative values.
13 bits allow a range of values -5 to 3.190 m, generally covers normal tidal residuals but tsunami wave residuals can exceed these values.  
The reference value of -5m is possibly expecting sensors to be installed about 2-4 m below chart datum.
CREX – No problem, valid values -9.999 to 9.999 m


	0 22 040
	BUFR (3, -50000, 14)

CREX (3, 5)
	Residual

BUFR – Valid values is -5 to 11.382 m. 
CREX – Valid values is –99.999 to 99.999

This is a preferred descriptor over 022039 for gauges designed for tsunami warning purposes.  However, there is no common sequence using this descriptor.


3.  Examples of implementations using the existing CREX templates 
Operational implementation in Australia and tests conducted with other countries indicated that existing CREX common sequences D06019 and D06025 served the basic requirements of reporting time series of tidal elevations and residuals for tsunami warning purpose for a single senor.  Details of the implementation for Australian sea level stations using CREX common sequence D06025 are given in the reference [2].  The following are examples of other implementations being tested with Malaysia and Meteo France using a combination of D06019 and B22038.
Delayed replication of 2 hourly reports of tidal elevations in routine operation
SZMS01 WMKK 141815

CREX++

T000103 A001 D01021 D06019 R01000 B22038++

0624020 09975590 MS001 2008 08 14 16 00 3015 11 07 00 60 0002 1973 1722+

0544920 10019530 MS002 2008 08 14 16 00 2998 11 07 00 60 0002 2198 2165+

0593260 10270020 MS004 2008 08 13 02 00 3044 11 07 00 60 0002 1573 1453+

0689940 11685060 MS005 2008 08 14 16 00 2995 11 07 00 60 0002 4510 4510+

0505370 11909180 MS006 2008 08 14 15 00 3010 11 07 00 60 0002 0681 0931++

7777
Delayed replication of one report of 1-minute tidal elevation in event mode operation
SZMS02 WMKK 220001

CREX++

T000103 A001 D01021 D06019 R01000 B22038++

0624020 09975590 MS001 2008 05 22 00 00 3065 11 07 00 01 0001 01789+

0544920 10019530 MS002 2008 05 22 00 00 3046 11 07 00 01 0001 01934++

7777
Fixed replication of 15 1-minute reports of tidal elevation
SZIO01 EUMS 301222

CREX++

T000103 A001 D01021 D06019 R01015 B22038++

-1280000 04520000 FR001 2008 06 30 12 05 //// 11 07 00 01 

01456 01450 01435 01422 01415 01407 01388 01408 01425 01445

01455 01470 01489 01501 01499++

7777

4.  Proposed new BUFR/CREX templates for reporting time series of tide data  

The design of any new templates for tidal elevations is focused in meeting the flexibility of a minimum number of cohesive common descriptors which can be grouped together while avoiding a long common sequence that requires a higher bandwidth for data transmission.  Locations of sea level stations can be very remote and the data communication cost for transmitting high resolution data, e.g. 1-minute data for storm surge or tsunami warning purposes can be very expensive.

The following common sequences can be used for reporting sea level tide data for single and multiple sensors with the options of reporting ancillary meteorological data.  Items in red are new descriptors suggested for review and incorporation in the WMO Manual on Codes. 

	3 06 011
	
	
	Sequence for representation of tide station identification, method of transmission, time the message is transmitted and reference time for reports in a time series

	
	3 01 021
	0 05 001
	Latitude (high accuracy)

	
	
	0 06 001
	Longitude (high accuracy)

	
	0 01 075
	
	Tide station alphanumeric ID (5 characters)

	
	0 02 147 
	
	Method of transmission to collection centre

Can possibly use code table 002148 with some changes

	
	3 01 011
	0 04 001
	Year (Time the message is transmitted to the collection centre)

	
	
	0 04 002
	Month

	
	
	0 04 003
	Day

	
	3 01 013
	0 04 004
	Hour

	
	
	0 04 005
	Minute

	
	
	0 04 006
	Second


	3 06 012
	
	
	Sequence for representation of sensor type, significance qualifier for sensor and status of operation 

	
	0 02 007
	
	Type of sensor for water level measuring instrument

	
	0 08 015
	
	significance qualifier for sensor

	
	0 08 020
	
	Status of operation

	
	3 06 028
	0 25 160
	Sampling interval (seconds)

	
	
	0 25 161
	Sample averaging period (seconds)

	
	
	0 25 162
	Number of samples


	3 06 028
	
	
	Sequence for representation of sampling information for water levels in the time series report

	
	0 25 160
	
	Sampling interval (seconds)

	
	0 25 161
	
	Sample averaging period (seconds)

	
	0 25 162
	
	Number of samples


	3 06 013
	
	
	Sequence for representation of water level and residual in the time series

	
	3 06 012
	
	sensor type, significance qualifier for sensor and status of operation

	
	3 01 011
	0 04 001
	Year     )

	
	
	0 04 002
	Month   )

	
	
	0 04 003
	Day      ) Reference date/time for the time series

	
	3 01 013
	0 04 004
	Hour     ) 

	
	
	0 04 005
	Minute  )

	
	
	0 04 006
	Second)

	
	0 22 120
	
	Tide station automated water level check

	
	0 22 121
	
	Tide station manual water level check

	
	0 04 015
	
	Time increment added to reset the reference time

	
	0 04 015
	
	Time increment added to each data value in the time series

	
	1 02 000
	
	Delayed replication of 2 descriptors

	
	0 31 001
	
	Delayed replication factor

	
	0 22 038
	
	Tidal elevation with respect to local chart datum

	
	0 22 040
	
	Meteorological residual tidal elevation (surge or offset)


	3 06 014
	
	
	Sequence for representation of water level in the time series, similar to 306013 but with no residual

	
	3 06 012
	
	Sensor type, significance qualifier for sensor and status of operation

	
	3 01 011
	0 04 001
	Year     )

	
	
	0 04 002
	Month   )

	
	
	0 04 003
	Day      ) Reference date/time for the time series

	
	3 01 013
	0 04 004
	Hour     ) 

	
	
	0 04 005
	Minute  )

	
	
	0 04 006
	Second)

	
	0 22 120
	
	Tide station automated water level check

	
	0 22 121
	
	Tide station manual water level check

	
	0 04 015
	
	Time increment added to reset the reference time

	
	0 04 015
	
	Time increment added to each data value in the time series

	
	1 01 000
	
	Delayed replication of 1 descriptor

	
	0 31 001
	
	Delayed replication factor

	
	0 22 038
	
	Tidal elevation with respect to local chart datum


	3 06 016
	
	
	Sequence for representation of ancillary meteorological data associated with water level data

	
	3 01 011
	0 04 001
	Year     )

	
	
	0 04 002
	Month   )

	
	
	0 04 003
	Day      ) Reference date/time for the time series

	
	3 01 013
	0 04 004
	Hour     ) 

	
	
	0 04 005
	Minute  )

	
	
	0 04 006
	Second)

	
	0 10 004
	
	Station level pressure

	
	0 10 050
	
	Mean sea level pressure

	
	3 02 032
	0 07 032
	Temperature and humidity data

	
	
	0 12 101
	Dry bulb temperature

	
	
	0 12 103
	Dew point temperature

	
	
	0 13 003
	Relative humidity

	
	
	0 07 032
	Height of sensor above local ground

	
	
	0 02 002
	Type of instrument for wind measurement

	
	
	0 08 021
	Time significance = 2 (time averaged)

	
	
	0 04 025
	Time period, e.g. = 1 for 1-minute, = 10 for 10-minute

	
	
	0 11 001
	Wind direction

	
	
	0 11 002
	Wind speed

	
	
	0 04 025
	Time period in minutes

	
	
	0 11 043
	Maximum wind gust direction

	
	
	0 11 041
	Maximum wind gust speed

	
	
	0 25 026
	AWS battery voltage

	
	
	0 12 060
	AWS enclosure internal temperature


5.  Practical use of the new templates

Using the proposed BUFR/CREX templates 306011, 306012, 306013, 306014, 306016 and 306028 some practical implementations can be encoded as follows in CREX: 

Single sensor with no ancillary meteorological data
CREX++

T0002061400 A001030 P00001000 U00 S001 Y20080901 H0651 D06011 D06013++
-1042940 10566940 46290 07 2008 09 01 06 51 00 
03 1 00 60 60 60 2008 09 01 06 44 00 11 07 00 01 0006
00261 -0083 00256 -0085 00205 -0134 00296 -0041 00166 -0169 00285 -0047++

7777

Stations with two sensors can choose to add a fixed replication descriptor or a delayed replication descriptor.  The following example is an example of fixed replication of two sensors: 
CREX++

T0002061400 A001030 P00001000 U00 S001 Y20080901 H0651 D06011 R02002 D06012 D06013++
Two sensors with ancillary meteorological data
CREX++

T0002061400 A001030 P00001000 U00 S001 Y20080901 H0651 D06011 R02002 D06012 D06013 D06013++
6. Additional code tables and BUFR/CREX Table B entries proposed
CODE TABLES AND FLAG TABLES ASSOCIATED WITH BUFR/CREX TABLE B
0 01 147
Method of data transmission to collection centre
	Code

Figure
	

	00
	Reserved

	01
	Direct leased circuit

	02
	Dialled up connection

	03
	Internet ISP 

	04
	DCP via Satellite (MTSAT, METEOSAT, etc.)

	05
	VSAT 

	06
	GAN, BGAN

	07
	Thiss terminal

	08
	Iridium satellites

	09
	Mobile telephony

	10-14
	Reserved

	15
	Missing value


0 08 015
Significance qualifier for sensor
	Code

Figure
	

	0
	Single sensor

	1
	Primary sensor

	2
	Secondary sensor (Backup)

	3-6
	Reserved

	7
	Missing value

	7-9
	Not used in CREX


0 08 020
Status of operation for the water level report
	Code

Figure
	

	00
	Routine operation

	01
	Event triggered by storm surge

	02
	Event triggered tsunami

	03
	Event Triggered manually

	04
	Installation testing

	05
	Maintenance testing

	06-14
	Reserved

	15
	Missing value


Additional BUFR/CREX Table B entries for the tidal elevation templates
	TABLE REFERENCE
	TABLE

ELEMENT NAME
	BUFR
	CREX

	
	
	UNIT
	SCALE
	REFERENCE VALUE
	DATA WIDTH (Bits)
	UNIT
	SCALE
	DATA

WIDTH (Characters)

	F
	X
	Y
	
	
	
	
	
	
	
	

	0
	02
	007
	Type of sensor for water level measuring instrument
	Code table
	0
	0
	7
	Code table
	0
	2

	0
	02
	147
	Method of transmission to collection centre
	Code table
	0
	0
	7
	Code table
	0
	2

	0
	08
	015
	Significant qualifier for sensor
	Code table
	0
	0
	3
	Code table
	0
	1

	0
	08
	020
	Status of operation
	Code table
	0
	0
	4
	Code table
	0
	2

	0
	12
	060
	AWS enclosure internal temperature
	K
	1
	0
	12
	°C
	1
	3

	0
	25
	161
	sampling interval (time)
	Second
	0
	0
	10
	Second
	0
	4

	0
	25
	161
	sample averaging period
	Second
	0
	0
	10
	Second
	0
	4

	0
	25
	162
	Number of samples
	Numeric
	0
	0
	10
	Numeric
	0
	4






















































































































































































































































































� A NWS Guide to the Use of NWLON and PORTS Computer-Based Products, NOAA Technical Report NOS CO-OPS 026, Janet Burton, Revised October 2004.


� HYPERLINK "http://tidesandcurrents.noaa.gov/publications/tech_rpt_026.pdf" ��http://tidesandcurrents.noaa.gov/publications/tech_rpt_026.pdf�


� A brief description of the CREX sea level bulletins to be issued by the Australian Bureau of Meteorology on GTS with effect from 18 December 2006


� HYPERLINK "ftp://ftp.bom.gov.au/anon/home/dms/srrt/CREX/ BOM_CREX_sea_level_bulletin_desc_20070110.pdf" ��ftp://ftp.bom.gov.au/anon/home/dms/srrt/CREX/ BOM_CREX_sea_level_bulletin_desc_20070110.pdf�





