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ABSTRACT

Since the 11th GHRSST-PP Science Team Meeting there have been a number of exciting new sea surface temperature (SST) products released by the Australian Bureau of Meteorology with support from the BLUElink Project and the Integrated Marine Observing System (IMOS).  In addition to the operational regional and global SST analyses (RAMSSA and GAMSSA) contributed to the GHRSST Global Data Assembly Centre (GDAC) and the GHRSST Multi-Product Ensemble Project, the Bureau is also producing single sensor HRPT AVHRR SST in GDS v2.0 L2P/L3U/L3C formats which we intend to supply to the GDAC before December 2011.  Other products routinely produced by the Bureau which may be of interest to the GHRSST community are the experimental regional and global skin SST analyses (RAMSSA_skin and GAMSSA_skin), reprocessed MTSAT-1R skin SST GDS v2.0 L3U files, operational 14-day “Mosaic” HRPT AVHRR SST composite product in GHRSST-L3 format and validation-quality, real-time SSTdepth data from thirteen ships of opportunity. This report summarises the advances made in the research and development of new SST products by BLUElink and IMOS from 1 June 2010 to 1 June 2011 and plans for activities up to the end of the IMOS and BLUElink III projects (June 2013).  
1. Introduction

For the past eight years, the Australian Government, through the Australian Bureau of Meteorology (Bureau, http://www.bom.gov.au), Royal Australian Navy and CSIRO have contributed to BLUElink> Ocean forecasting Australia (Brassington et al., 2007; http://www.bom.gov.au/bluelink), a project to deliver ocean forecasts for the Australian region.  BLUElink includes ocean model, analysis and assimilation systems, and provides timely information and forecasts on oceans around Australia.  Phases I and II of the project have completed and Phase III has commenced and will run until June 2013.  Operational high resolution (0.1( horizontal resolution) ocean analyses and forecasts are available as maps from http://www.bom.gov.au/bluelink and netCDF files from http://godae.bom.gov.au.

Commencing in 2007, the BLUElink support for the Group for High Resolution SST (GHRSST) has been strongly augmented by funding from the Integrated Marine Observing System (IMOS, http://www.imos.org.au), a nation-wide collaborative program designed to observe the oceans around Australia, running until June 2013.

The main BLUElink and IMOS contribution to GHRSST is through an Australian Regional Data Assembly Centre (RDAC) system based at the Bureau of Meteorology, delivering the following types of GHRSST data products: 

· Locally received High Resolution Picture Transmission (HRPT) Advanced Very High Resolution Radiometer (AVHRR) SST L2P (geolocated, single swath), L3U (gridded, single swath), L3C (gridded, single sensor) and L3S (gridded, multiple sensor) files (Paltoglou et al., 2010)
· L4 files from “RAMSSA”, the operational, daily, 1/12( resolution, SST analysis over the region 20°N to 70°S, 60°E to 170°W (Beggs et al., 2011a), and the operational, global, daily, 1/4( resolution SST analysis system (“GAMSSA”) (Zhong and Beggs, 2008; Beggs, 2008)
· MTSAT-1R and MTSAT-2 hourly, 1/20( resolution, SST L3U (gridded, single scene) files
Other contributions include:

· High quality in situ SST available via the GTS in real time from vessels of the Australian Volunteer Observing Fleet (AVOF) fitted with Automatic Weather Stations and other ships of opportunity in the Australian region (Beggs et al., 2009a; Beggs et al., 2010a; Beggs et al., 2011b)
· High quality in situ meteorological and SST available via the IMOS ocean portal in near real-time from a Southern Ocean mooring (http://imos.org.au/sofs.html and Beggs et al., 2010b)
· NOAA/BoM collaboration on MTSAT-1R SST calibration/validation and processing
· Regional hourly and Global 3-hourly skin SST analyses in a GHRSST L4-like format (“RAMSSA_skin” and “GAMSSA_skin”)
· Provision of satellite and numerical weather prediction (NWP) model data for the GHRSST Diurnal Variability Working Group study of SST diurnal variation models over the Western Pacific Tropical Warm Pool (TWP+)

2. SST from Ships of Opportunity
Typically, SST observations from volunteer observing ships (VOS) in the Australian region have been of uncertain accuracy.  Until recently, SST observations from Australian research vessels have been difficult to access in a timely manner in consistent formats.  Ship SST observations in the Australian region have therefore not been used for near real-time validation of satellite SST observations.  From 2008, the IMOS Project has enabled accurate, quality controlled, SST data to be supplied in near real-time (within 24 hours) from VOS, passenger ferries and research vessels in the Australian region.
Table 1.  Details of IMOS Ship SST Data Available Via the GTS and IMOS Ocean Portal

	Vessel
	Callsign
	Data Start
	SST Sensor

	RV Southern Surveyor
	VLHJ
	4 Feb 2008
	SBE 3

	RV L’Astrolabe
	FHZI
	30 Dec 2008
	SBE 38

	RSV Aurora Australis
	VNAA
	12 Oct 2008
	SBE 38

	PV SeaFlyte

(Rottnest Is Ferry)
	VHW5167
	30 Apr 2008
	SBE 38

	PV Fantasea One

(Whitsunday Ferry)
	VJQ7467
	5 Nov 2008
	AD590

	PV Spirit of Tasmania II

(Bass Strait Ferry)
	VNSZ
	10 Dec 2008
	SBE 48

	MV Portland
	VNAH
	20 Jun 2009
	SBE 48

	MV Stadacona
	C6FS9
	10 Aug 2009
	SBE 48

	MV Highland Chief
	VROB
	30 Sep 2009
	SBE 48

	MV Iron Yandi
	VNVR
	10 Feb 2010
	SBE 48

	PV Pacific Sun
	9HA2479
	12 Dec 2010
	SBE 48

	RV Solander
	VMQ9273
	5 Dec 2010
	SBE 38

	RV Cape Ferguson
	VNCF
	5 Dec 2010
	SBE 38


As part of IMOS, the Bureau of Meteorology (Bureau) has instrumented six vessels of the Australian Volunteer Observing Fleet with hull-mounted temperature sensors (Sea Bird SBE 48), supplying high-quality bulk SST observations every hour.  There are also two passenger ferries reporting one minute averaged SST measurements for CSIRO Marine and Atmospheric Research (Rottnest Island ferry) and the Australian Institute of Marine Science (Whitsunday Island to Hook Reef ferry).  In addition, there are near real-time, one minute averaged SST and salinity data streams available from five research vessels (RV Southern Surveyor, RSV Aurora Australis, RV L’Astrolabe, RV Solander and RV Cape Ferguson).  In total, thirteen vessels contribute near real-time data to IMOS (Table 1 and Figure 1).
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Figure 1. Locations of IMOS QC’d ship SST observations to 29 April 2011 from 13 vessels.

All SST data are quality assured (Beggs et al., 2009a) and placed in real-time on the Global Telecommunications System (GTS).  The quality controlled (QC’d) SST data are also available in netCDF format with QC flags and metadata via the IMOS ocean data portal (http://imos.aodn.org.au/webportal) or directly from http://opendap-tpac.arcs.org.au/thredds/dodsC/IMOS/SOOP/SOOP-SST/ and http://opendap-tpac.arcs.org.au/thredds/dodsC/IMOS/SOOP/SOOP-ASF/catalog.html.

Comparisons between AATSR, AVHRR, buoy and IMOS ship SST observations indicate that at least ten of the IMOS ship data streams have comparable errors to those obtained from drifting buoys (Section 4, Beggs et al., 2010a and Beggs et al., 2011b).  In waters with little or no coverage by buoys, AVHRR SST calibration, validation and bias-correction will be improved by using IMOS ship SST observations in addition to available drifting buoy SST data.
The IMOS ship SST data has been used in real-time SST analysis systems (including RAMSSA and GAMSSA) and for validation of satellite SST, SST analyses and ocean models (Beggs et al., 2011b).
3. Geostationary MTSAT-1R skin SST
Geostationary satellites provide measurements of skin SST over the same scene every 15 to 60 minutes, particularly useful for the study of diurnal warming of the surface ocean.  Since mid-2007, the Bureau has routinely generated SSTskin products from the Japanese geostationary satellite, MTSAT-1R, using the NOAA-developed Geostationary Satellite Derived Sea Surface Temperature Processing System (Maturi et al., 2008). The original version of the software (v1) installed at the Bureau in 2007 was modified to accept locally generated NWP fields and further modified to output GHRSST formatted, single scene L2P files. A match-up database system was developed to determine the difference between satellite retrievals and in situ measurements from drifting buoys.  In May 2010 the Bureau’s MTSAT-1R SST processing system was further upgraded to version 3 (v3) to incorporate a physical retrieval methodology and University of Edinburgh/NOAA Baysean cloud clearing, following a visit by Jon Mittaz and Andy Harris from NOAA/University of Maryland.  During early 2011 the processing system was updated to version 4 (v4) to use regression against drifting buoy SST rather than physical retrieval to convert from brightness temperatures to SST.
Between June 2005 and June 2006 the Bureau received data from MTSAT-1R in HiRID format. In June 2006 the Bureau upgraded its satellite reception hardware to be capable of receiving MTSAT-1R data in HRIT format (10-bit). Results from the match-up database demonstrated that the HiRID data received by the Bureau was not of sufficient quality to obtain an accurate SSTskin retrieval due to the degraded signal. The standard deviation (when compared to drifting buoys) for day-time HRIT data with a quality level 5, using the 11 and 12 μm channels, collected during 1 January to 30 April 2009 was 0.7°C for the version 4 system. The corresponding standard deviation for night-time HRIT data, which also incorporates the 3.75 (m channel, was 0.5°C.  The mean bias for both day and night SST retrievals was around 0.05(C.  
In December 2009 the Bureau’s NWP system was upgraded to use the UK Unified Model. The upgrade has resulted in improved accuracy of the NWP forecasts along with increases in the vertical, spatial and temporal resolution of the NWP fields (Puri et al., 2010). These changes necessitated an upgrade of the MTSAT-1R system to handle the new ACCESS-G NWP output data format.  By June 2011, v4 MTSAT-1R SSTskin 0.05( x 0.05( gridded, single scene L3U files (Figure 2) back to June 2006 are expected to be made available to Australian researchers via the IMOS Australian Ocean Distributed Archive and Access Centre (AO-DAAC - see http://imos.org.au/srs_data.html) and the Bureau’s OPeNDAP server (contact h.beggs@bom.gov.au for access).  On 1 July 2010, MTSAT-1R HRIT transmission was replaced with MTSAT-2 data and the Bureau currently produces real-time experimental SSTskin L3U files from MTSAT-2.  These MTSAT-2 files should be available via the IMOS AO-DAAC by December 2011.
(a)
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Figure 2. An example of the output from the v4 MTSAT-1R processing system of L3U SSTskin for (a) 0530 UT (day) and (b) 1630 UT (night) on 10 April 2009.  SST is plotted for cloud-free pixels (quality level = 3 to 5).
4. Locally Received AVHRR SST
The highest resolution (1.1 km) data from AVHRR sensors on the NOAA polar-orbiting meterological satellites can only be obtained through receiving direct broadcast HRPT data from the satellite as this data is not stored onboard.  In Australia HRPT data is received by a consortium of agencies (Bureau of Meteorology, WASTAC, AIMS and CSIRO) at groundstations located in Darwin, Townsville, Melbourne, Hobart, Perth and Alice Springs and in Antarctica at Casey and Davis Stations.  As part of the IMOS Project the Bureau of Meteorology, in collaboration with CSIRO Marine and Atmospheric Research, is stitching this raw data and producing real-time, HRPT AVHRR SSTskin data from operational NOAA polar-orbiting satellites in the GHRSST GDS v2.0 L2P, L3U, L3C and L3S formats (Casey et al., 2010).   In addition to the 1.1 km resolution HRPT AVHRR SSTskin values and other mandatory fields, the L2P files contain bias and standard deviation estimates based on match-ups with in situ drifting buoy SST data from the GTS, and 3-hourly forecasts of averaged 10 m winds from the Bureau’s legacy GASP Global NWP model (Puri et al., 1998) up to 30 June 2010 and the ACCESS-G NWP model  (Puri et al., 2010) after that date.
Single sensor (one and three night/day) composite HRPT AVHRR SST files have been produced in GHRSST GDS v2.0 L3C format (Casey et al., 2010) over a cylindrical equidistant projection (0.02( latitude x 0.02( longitude (Figure 3).  Multiple sensor (one and three night/day) 0.02( latitude x 0.02( longitude HRPT AVHRR SST files have been produced for testing but the optimal spatial and temporal resolution is under review.   Existing raw, archived, high-resolution HRPT AVHRR data from all operational NOAA polar-orbiting satellites over the Australian region back to 1992 will be progressively reprocessed into SSTskin L2P, L3U, L3C and L3S and made available to GHRSST and IMOS by December 2011.  Currently, HRPT AVHRR SSTskin GDS v2.0 L2P, L3U and L3C files from NOAA-15, 17, 18 and 19 (back to 2004) are available from the IMOS AO-DAAC and FTP server (ftp://aodaac2-cbr.act.csiro.au/imos/GHRSST/).  Maps of HRPT AVHRR L3C SSTskin are available   from the IMOS Ocean Portal under Satellite Remote Sensing (http://imos.aodn.org.au/webportal/).
The new IMOS HRPT AVHRR L2P SSTs exhibit nearly half the error of the Bureau’s pre-existing HRPT AVHRR level 2 SST data from NOAA-17 and NOAA-18 satellites, with standard deviations compared with drifting buoys during nighttime of 0.24 to 0.27(C for NOAA-17, 18 and 19, and during daytime of 0.34 to 0.35(C (Paltoglou et al., 2010). This significant improvement in accuracy has been achieved by implementing new CLAVR-based cloud clearing algorithms, implementing new BT to SST transforms with new day-time terms including latitude and higher order, and using regional, QC’d drifting buoy SST observations for the regression.  The SSTs at drifting buoy depths (20-30 cm) are converted to a skin SST at ~10 μm depth by subtracting 0.17ºC to account for the cool skin.  Table 2 gives the mean and standard deviation of quality level 5 IMOS nighttime, 1 km resolution, NOAA-18 AVHRR SST minus SST data from IMOS and non-IMOS ships and drifting buoys over the region 70°E to 190°E, 20°N to 70°S, during 1 December 2008 to 30 September 2010 (Beggs et al., 2011b).  The data are considered matched if within ( 2 hours and collocated within the same ~1 km pixel.

(a)  

[image: image4.png]B
0L 0 0L—-02—0¢— OF— 0S— 09—

100 120 140 160 180

380




(b)

[image: image5.png]N Do 2 W N
M NN & - - © ¥ 0O

10 0 —10-20-30 —40 —-50 —60

B
0L 0 0L—-02—0¢— OF— 0S— 09—

100 120 140 160 180

380




Figure 3. Example of (a) day (~1330 LT) and (b) night (~0130 LT) 0.02( x 0.02( L3C SSTskin from NOAA-18 HRPT AVHRR SST data for 10 April 2009.  SST is plotted for cloud-free pixels (quality level = 3 to 5).

Multiple sensor, composite HRPT AVHRR SST files from all operational NOAA polar-orbiters have also been produced in GHRSST-L3 netCDF format from the Bureau’s legacy 14-day weighted mean, AVHRR Mosaic (Figure 4).  The data has been reformatted to a cylindrical equidistant projection (0.01( latitude x 0.01( longitude) over the region 8(S to 48(S, 104(E to 165(E, and is currently available back to 1 January 2001 from IMOS via http://imos.org.au/srs_data.html.

Table 2.  Mean and Standard Deviation of Nighttime AVHRR SST from NOAA-18 minus In Situ SST.

	In Situ Data Stream
	Number of Matchups
	Mean

(K)
	Standard

Deviation

(K)

	RV Southern Surveyor
	146
	-0.01
	0.22

	RV L’Astrolabe
	29
	0.07
	0.23

	RSV Aurora Australis
	107
	-0.07
	0.24

	PV SeaFlyte
	19
	-0.02
	0.73

	PV Spirit of Tasmania II
	686
	0.03
	0.30

	MV Portland
	104
	0.13
	0.37

	MV Highland Chief
	109
	-0.03
	0.35

	MV Stadacona
	308
	0.09
	0.43

	MV Iron Yandi
	51
	-0.06
	0.27

	Non-IMOS Ships
	2277
	 0.01
	1.64

	Drifting Buoys
	6431
	0.05
	0.36
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Figure 4. Example of the Bureau’s legacy 14-day “Mosaic” SST produced from locally received NOAA-17 and NOAA-18 AVHRR data for the period 28 March to 10 April 2009.
For further details on the new AVHRR L2P and single-sensor L3U and L3C products see Paltoglou et al. (2010), and for the legacy 14-day “Mosaic” L3P product see Rea (2004).
The HRPT AVHRR L2P products are being used in experimental and pre-operational SST analysis systems (RAMSSA, GAMSSA, NASA JPL’s G1SST and Medspiration’s Great Barrier Reef analysis).  They are also being used in the GHRSST TWP+ experiment (see Section 8).
Future work for the period to June 2013 will include:

· Test calibration of HRPT AVHRR SST over the Southern Ocean by validating against new IMOS SST data (eg. ships, Argo, seals)

· Investigate improving the cloud and ice detection in AVHRR SST over the Southern Ocean

· By December 2011, provide reprocessed (back to 1992) HRPT AVHRR SSTskin L2P, L3U and L3C files incorporating Australian and Antarctic data via IMOS and the GHRSST GDAC – all ready providing real-time files from Australian ground stations via IMOS and Bureau OPeNDAP servers

· By December 2011, combine delayed mode Antarctic and Australian AVHRR L3U files to produce trial 1-day, 3-day and 6-day, gridded, multi-sensor, L3S files over the RAMSSA domain (60(E – 190(E, 20(N – 70(S) back to 2007
· By June 2013, provide real-time HRPT AVHRR SSTskin L2P, L3U and L3C files from Davis and Casey Antarctic stations
5. RAMSSA – Regional Australian Multi-Sensor SST Analysis
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Figure 5. An example of the RAMSSA v1.2 daily regional 1/12( resolution SST analysis for 10 April 2009, plotted over the 14-day Mosaic domain for comparison with Figure 4.
A real-time, high-resolution, Regional Australian Multi-Sensor Sea surface temperature Analysis (RAMSSA) system has been developed at the Australian Bureau of Meteorology as part of the BLUElink Ocean Forecasting Australia project.  The pre-existing operational, 1/4( resolution, regional SST analysis system (Smith et al., 1999) has been modified to produce 1/12( resolution, daily SST analyses over the Australian region (20°N - 70°S, 60°E - 170°W) (Figure 5).  
The high-resolution analysis system combines SST data from infrared (AVHRR and AATSR) and microwave (AMSR-E) sensors on polar-orbiting satellites with in situ measurements to produce daily “foundation” SST estimates (SSTfnd), largely free of nocturnal cooling and diurnal warming effects.  To produce foundation SST estimates, input data is filtered depending on the corresponding regional NWP surface wind speed and day/night.  The method used to produce the pre-operational (“Gamma Test”) and v1.0 RAMSSA products is described in detail in Beggs (2007).  The RAMSSA v1.0 system became operational on 13 June 2007, was upgraded to v1.1 on 26 October 2007 (system modified to reduce “speckliness” in analyses), v1.2 on 10 June 2008 (incorporating the NAVOCEANO GHRSST GAC AVHRR L2P SST products), v1.3 on 9 April 2009 (incorporating the NAVOCEANO 1/120( land/sea mask) and v1.4 on 1 September 2009 (replacing the LAPS NWP winds with those from ACCESS-R).  See Beggs et al. (2011a) for details of the v1.1 to v1.4 methodology.  Reprocessed RAMSSA v1.1 files are available on request back to 1 October 2006.  By ~0300 UT each day, the operational analyses of the previous day’s observations can be downloaded as GDS v1.7 netCDF L4 files from the GHRSST GDAC hosted by PO.DAAC (via ftp://podaac-ftp.jpl.nasa.gov/allData/ghrsst/data/L4/AUS/ABOM/RAMSSA_09km/).  Archived RAMSSA L4 files back to 12 June 2006 are available from http://godae.bom.gov.au/ and back to 1 April 2008 from the GHRSST Long-Term Stewardship Facility at NODC (ftp://ftp.nodc.noaa.gov/pub/data.nodc/ghrsst/L4/AUS/ABOM/RAMSSA_09km/). 

Over the period 1 October 2007 to 31 March 2008 and region 60(E to 180(E, 20(N to 65(S, the RAMSSA v1.1 1/12° SSTfnd analyses exhibited mean(Analysed SSTfnd(date) – Buoy SSTfnd(date+1)) of 0.03 ± 0.42°C, comparable with the Met Office 0.05( resolution daily SSTfnd analysis, OSTIA (-0.05 ± 0.39°C).  Over this same period, RAMSSA v1.1 agreed more closely with Ifremer’s ODYSSEA and Met Office’ OSTIA SSTfnd analyses than with other GHRSST microwave and infrared blended L4 analyses such as NCDC’s AVHRR+AMSR-E SSTblend or Remote Sensing System’s MW+IR SSTfnd analyses, with mean(RAMSSA SSTfnd – ODYSSEA SSTfnd) of -0.02 ± 0.40°C and mean(RAMSSA SSTfnd – OSTIA SSTfnd) of 0.10 ± 0.35°C.  The major differences between RAMSSA and these other foundation SST analyses relate to RAMSSA’s method for creating super-observations and assigning weights to the various input data streams, and Ifremer and the Met Office analysis systems’ bias-correction of all satellite input data using SST data from the AATSR.  The lack of bias-correction of data input into RAMSSA has minimal effect north of 40(S where RAMSSA is on average within (0.07(C of other multi-sensor SST analyses.  South of 40(S, RAMSSA is on average 0.09(C to 0.25(C warmer than the four bias-corrected, GHRSST-L4 analyses studied, due to systematic biases over this region in the calibration of the satellite SST data streams used for RAMSSA (Beggs et al., 2011a).
The RAMSSA analyses are used in real-time as the boundary condition for the Bureau’s regional numerical weather prediction models (ACCESS-R, ACCESS-A and ACCESS-C) and to validate the BLUElink operational ocean model (OceanMAPS) SST5m forecasts/analyses.  They are used experimentally in the regional skin SST analyses (Section 7) and the GHRSST TWP+ experiment (Section 8).
Future work on RAMSSA in 2011/2012 will include investigating the blending of satellite SST GHRSST L2P files available through Eumetsat (1 km ATS_NR__2P AATSR SSTskin) and IMOS (1 km HRPT AVHRR SSTskin and 4 km MTSAT-1R SSTskin).
6. GAMSSA – Global Australian Multi-Sensor SST Analysis

A real-time Global Australian Multi-Sensor Sea surface temperature Analysis (GAMSSA) system has been developed at the Australian Bureau of Meteorology as part of the BLUElink project.  The operational, RAMSSA 1/12( resolution, regional SST analysis system (Beggs, 2007; Beggs et al., 2011a) has been modified to produce 1/4( resolution, daily global foundation SST analyses (Beggs, 2008; Zhong and Beggs, 2008) (Figure 6).  
The GAMSSA system blends NAVOCEANO’s GAC 9.9 km x 4.4 km resolution AVHRR L2P SST data (NOAA-18, NOAA-19 and METOP-A), European Space Agency’s 0.17( AATSR skin SST Meteo Product (EnviSat), Remote Sensing System’s 25 km resolution AMSR-E L2P sub-skin SSTs (Aqua) and in situ ship and buoy SSTs from the GTS.  To produce foundation SST estimates, input data are filtered depending on the corresponding global NWP surface wind speed and day/night.

The GAMSSA v1.0 system started Alpha testing at the Bureau on 6 December 2007, Beta testing on 4 May 2008, and became operational on 2 October 2008.  The system was upgraded to v1.1 on 9 April 2009 (incorporating the NAVOCEANO 1/120( land/sea mask) and v1.2 on 1 September 2009 (replacing the GASP NWP winds with ACCESS-G winds).  By 0330 UT each day, the operational analyses of the previous day’s observations can be downloaded as GDS v1.7 L4 files from the GHRSST GDAC hosted by PO.DAAC (via ftp://podaac-ftp.jpl.nasa.gov/allData/ghrsst/data/L4/GLOB/ABOM/GAMSSA_28km/).  Archived RAMSSA L4 files back to 23 July 2008 are available from http://godae.bom.gov.au/ and back to 24 August 2008 from the GHRSST Long-Term Stewardship Facility at NODC (ftp://ftp.nodc.noaa.gov/pub/data.nodc/ghrsst/L4/GLOB/ABOM/GAMSSA_28km/). 
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Figure 6. An example of the GAMSSA v1.1 daily global 1/4( resolution SSTfnd analysis for 10 April 2009.
Over the period 20 May to 30 August 2008, the GAMSSA v1.0 1/4° SSTfnd analyses exhibited mean(Analysed SSTfnd (date) – Buoy SSTfnd (date+1)) of -0.04 ± 0.50°C globally, comparable with the Met Office 0.05( resolution daily SSTfnd analysis, OSTIA, over the same region and period (OSTIA SSTfnd - Buoy SSTfnd = -0.07 ± 0.44°C) and with lower error than NCDC’s AVHRR+AMSR-E 0.25( resolution daily SSTblend analysis (NCDC SSTfnd - Buoy SSTfnd = -0.03 ± 0.64°C).  GAMSSA v1.0 agreed more closely with Met Office’ OSTIA SSTfnd analyses than with other GHRSST microwave and infrared blended L4 analyses (NCDC SSTblend and ODYSSEA SSTfnd) over this same period, with mean(GAMSSA SSTfnd – OSTIA SSTfnd) of 0.07 ± 0.46°C.  
The GAMSSA analyses have contributed to the GHRSST Multi-Product Ensemble (GMPE) and Analysis Intercomparison Project (http://ghrsst-pp.metoffice.com/pages/latest_analysis/sst_monitor/daily/ens/index.html) since 10 March 2009.  Long-term and daily intercomparisons produced by the NOAA SST Quality Monitor (L4-SQUAM: http://www.star.nesdis.noaa.gov/sod/sst/squam/L4/index.html) show that GAMSSA SSTfnd is between 0 and 0.5(C warmer than the GMPE daily SSTblend analysis over the Southern Ocean.  For the period 1 June 2008 to 30 June 2009, the GAMSSA analyses were on average slightly warm compared to independent drifting buoys south of 40(S, with mean(Analysed SSTfnd (date) – Buoy SSTfnd (date+1)) of 0.05 ± 0.48°C.  It would therefore appear that the satellite observations over the Southern Ocean going into GAMSSA are overall warmer compared with those going into other analyses contributing to GMPE.  The same AVHRR and AMSR-E SST data streams ingested into operational RAMSSA have been shown to be on average biased warm by between 0.0 and 0.3°C south of 40°S between 60°E and 170°W (Beggs et al., 2011a). Validation of satellite SST observations and analyses over the Southern Ocean will be a priority at the Bureau.
The GAMSSA analyses are used in real-time as the boundary condition for the Bureau’s new global NWP model (ACCESS-G: Puri et al., 2010) based on the Met Office’s Unified Model.  They are also used to initialise the Bureau’s seasonal forecast model (POAMA 2.0: http://poama.bom.gov.au). 

Future work on GAMSSA in 2011/2012 will include testing the blending of new GHRSST L2P SST products (1 km AATSR SSTskin, 1 km HRPT AVHRR SSTskin and 4 km MTSAT-1R SSTskin).
7. Global and Regional Skin SST Analyses (GAMSSA_skin and RAMSSA_skin)

An experimental, regional, hourly, 1/12( resolution, skin SST analysis (“RAMSSA_skin” – Figure 7(a) and 8(a)) and global, 3-hourly, 1/4( resolution, skin SST analysis (“GAMSSA_skin” – Figure 7(b) and 8(b)) have been developed at the Bureau of Meteorology as part of the BLUElink-II Project.  Both skin analyses are formed by adding a simple, empirically based estimate of (SST at that time to the daily RAMSSA SSTfnd or GAMSSA SSTfnd analysis.  That is,

RAMSSA_skin SSTskin = RAMSSA SSTfnd + (SST – 0.2(C 

and
GAMSSA_skin SSTskin = GAMSSA SSTfnd + (SST – 0.2(C, 

where (SST = SSTsubskin – SSTfnd, calculated from a simple algorithm developed by Chelle Gentemann, based on geostationary SEVIRI SSTsubskin  and AMSR-E surface wind data (Gentemann et al., 2003).  No allowance is made in this empirical (SST model for cloud or net heat flux, although it accounts for the daily variation of incoming solar radiation by calculating the solar zenith angle and using the mean value of the solar constant for 1978 to 1998 calculated to 1366.22 Wm2 (see http://remotesensing.oma.be/RadiometryPapers/article2.html).  The maximum range of the (SST model is 0 to 3(C.
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Figure 7. (a) RAMSSA_skin SSTskin – RAMSSA SSTfnd and (b) GAMSSA_skin SSTskin – GAMSSA SSTfnd analyses plotted over the region 25(S to 15(N, 90(E to 170(E, for 10 April 2009 at 0600 UTC (1500 LT at 135ºE).
A constant 0.2(C is used to transform the SSTsubskin estimate to SSTskin following the SEVIRI skin to subskin constant 0.2(C adjustment (OSI-SAF Project Team, 2006).  For RAMSSA_skin, the inputs to the (SST algorithm are mean hourly, 0.375º resolution, 10 m winds from the Bureau’s ACCESS-R regional NWP 24 hour forecasts (Puri et al., 2010).  For GAMSSA_skin, the mean 3-hourly, 1.25º lon x 0.833º lat resolution, 10 m winds from the Bureau’s ACCESS-G global NWP 24 hour forecasts are used (Puri et al., 2010).
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Figure 8. (a) RAMSSA_skin and (b) GAMSSA_skin SSTskin analyses, plotted over the region 25(S to 15(N, 90(E to 170(E, for 10 April 2009 at 0600 UTC (~1330 LT at 110ºE and 1500 LT at 135ºE).

Both RAMSSA_skin and GAMSSA_skin have been validated against the 1 km resolution AATSR SSTskin L2P product available from GHRSST (http://ghrsst.nodc.noaa.gov/).  For the period 1-31 January 2009, RAMSSA_skin – AATSR SSTskin = 0.14 ± 0.38ºC.  For the same period, GAMSSA_skin – AATSR SSTskin = 0.10 ± 0.38ºC.  These are encouragingly low errors and indicate that under clear-sky conditions Chelle Gentemann’s simple empirical model in conjunction with ACCESS-R and ACCESS-G forecast winds should be useful in predicting diurnal warming in all but the most extreme cases ((SST > 3(C).
Comparison with MODIS composite SSTskin and MTSAT-1R hourly SSTskin indicates that RAMSSA_skin analyses capture diurnal warming maxima quite effectively where there are clear skies but night-time (pre-dawn) minima are too warm by up to +3°C (Beggs et al., 2009b), due to the equator crossing times of the satellites contributing SST data to the RAMSSA SSTfnd analyses being several hours before local sunrise, the “foundation” time.  These polar orbiters (NOAA-17, NOAA-18, NOAA-19, METOP-A, EnviSat and Aqua) have nighttime equator crossing times between 9 - 11 pm and 1 - 2 am local time.  Luckily, this should not adversely affect using RAMSSA_skin for quality control of satellite sounder observations assimilated into the Bureau’s new NWP models as all satellites used for ACCESS NWP models have equator crossing times of around 10 pm and 1:30 am, not close to dawn.  
It is anticipated that in 2011/12 the Bureau will test the efficacy of using the RAMSSA_skin and GAMSSA_skin analyses for quality control of satellite data assimilated into the ACCESS NWP models.  RAMSSA_skin will also be used to investigate whether using forecast SSTskin analyses, rather than using a persisted SSTfnd as the boundary condition, might improve the skill of NWP forecasts.
Hourly RAMSSA_skin analyses are available over the domain 65ºE to 185ºE, 15ºN to 65ºS, back to 1 October 2008, in a GHRSST L4 format similar to RAMSSA (contact h.beggs@bom.gov.au for access).  Likewise, the 3-hourly, global, GAMSSA_skin analyses are available in the same format back to 1 June 2008.

8. Tropical Warm Pool Diurnal Variability Experiment (TWP+)

The Western Pacific Tropical Warm Pool (TWP) north of Australia is one of the most difficult areas of the ocean to measure sea surface temperature.  This is due to a combination of high diurnal warming (under low wind speed, high insolation conditions exceeding 5(C over small spatial/time scales – Figure 9), frequent cloud cover reducing the amount of SST observations from infrared satellite sensors, and island chains reducing the spatial coverage of SST measurements from microwave satellite sensors.  
During 2009 to 2011, the Bureau of Meteorology in collaboration with Météo-France compiled a data set of satellite SST data (from v4 MTSAT-1R, HRPT AVHRR and METOP-A), RAMSSA SSTfnd analyses and the Australian hourly, 0.375( resolution, LAPS and ACCESS-R NWP forecasts over the “TWP+” region (25(S to 15(N, 90(E to 170(E) for the periods 1 January to 30 April 2009 and 1 January to 30 April 2010.  The aim is to test various diurnal warming models developed by the working group over this region.  
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Figure 9. Composite maps of 0.05( skin SST from MTSAT-1R for 10 April 2009 over the TWP+ domain during the (a) day (0630 UT) and (b) night (1630 UT) - supplied by the Bureau of Meteorology and the IMOS Project.
RAMSSA, METOP-A and MTSAT-1R SST products have been regridded onto a common grid over the TWP+ domain with resolution of 0.025º for METOP-A and 0.05º (MTSAT-1R and RAMSSA).  The LAPS and ACCESS-R NWP surface wind and flux fields have been left on their original 0.375º grid.  This “TWP+” data set will be used by members of the GHRSST Diurnal Variability Working Group to test their diurnal warming models over the Western Pacific Tropical Warm Pool region.  The TWP+ data set is available via the Bureau’s OPeNDAP server.  Contact h.beggs@bom.gov.au for access details.

The following studies are planned for the period 2011 – 2013 using the TWP+ data sets:

1. Compare LAPS and ACCESS-R surface fields to decide which NWP model and period (Jan – Apr 2009 or Jan – Apr 2010) to use for TWP+ work (Sandra Castro)

2. Assess TWP+ satellite SST products:

a. Compare MTSAT-1R SSTfnd, HRPT AVHRR SSTfnd and drifting buoy SSTfnd in a 3-way intercomparison (Leon Majewski)

b. Compare MTSAT-1R SSTskin, HRPT AVHRR SSTskin, METOP-A SSTsubskin and AMSR-E SSTsubskin to AATSR SSTskin climate data record (Helen Beggs)

3. Using MTSAT-1R SSTskin and NWP winds, quantify frequency and extent of diurnal warming events (Helen Beggs, Leon Majewski, Gary Wick and Sandra Castro)

4. Using MTSAT-1R SSTskin assess 3 simple parameterisation diurnal variation (DV) models that use the TWP+ NWP surface fluxes as inputs

a. Gentemann et al (2003) as used in RAMSSA_skin (inputs: winds) (Helen Beggs and Sandra Castro)

b. Castro Look Up Table (inputs: winds, SW radiation) (Sandra Castro)

c. Clayson new parameterisation model (inputs: winds, SW radiation, 24 hr precipitation) (Carol Ann Clayson)

5. Using MTSAT-1R SSTskin assess ( 4 full physical DV models that use TWP+ NWP surface fluxes as inputs for selected clear sky DW events

a. COARE (Gary Wick)

b. POSH v2 (Chelle Gentemann and Rachel Weihs)

c. Reduced Resolution Kantha-Clayson (Andy Harris - TBC)

d. Modified Kantha-Clayson (Gary Wick)
e. Others?
6. For the period 1 January – 30 April 2010, assess the BLUElink air-sea coupled model (CLAM) both with and without DV correction from SST at 2.5 m to skin using ACCESS-R surface fluxes (Paul Sandery, Helen Beggs)

7. For the period 1 January – 30 April 2010, assess the impact of a simple DV model (that uses ACCESS-R forecast fluxes as inputs) on assimilation of atmospheric profile data into ACCESS-R (Chris Tingwell, Helen Beggs, Peter Steinle)
8. For the period 1 January – 30 April 2010, assess the impact of using RAMSSA_skin SSTskin analyses rather than a persisted SSTfnd as the boundary condition for ACCESS-R NWP forecasts (Vaughan Barras, Helen Beggs).
9. Use of GHRSST L2P in BLUElink> Ocean Forecasting

From mid-February 2010, GHRSST NAVOCEANO 9 km x 4 km resolution, Global Area Coverage (GAC) AVHRR L2P files from NOAA-18 and METOP-A have been incorporated as an additional SST data stream assimilated into the BLUElink operational ocean model, OceanMAPS (Brassington et al., 2007).  The GAC AVHRR L2P data complement the previously assimilated 25 km resolution AMSR-E SST data.  Using GAC AVHRR together with AMSR-E improves spatial coverage, particularly within 75 km of coasts, with GAC AVHRR adding increased resolution (Andreu-Burillo et al., 2010). Assimilating both AMSR-E and AVHRR SSTfnd products results in OceanMAPS SST5m analyses closer to buoy observations compared with assimilating AMSR-E and AVHRR SST separately.
10. Future Plans for BLUElink> and IMOS SST Products (2011-2013)

As part of the next phase of the IMOS and BLUElink-III Projects (June 2011 – June 2013), the Bureau of Meteorology aims to:

· Provide reprocessed (back to 1992) HRPT AVHRR SSTskin L2P, L3U and L3C files incorporating Australian and Antarctic data via IMOS and the GHRSST GDAC (December 2011) – all ready providing real-time files from Australian ground stations via IMOS and Bureau OPeNDAP servers
· Combine delayed mode Antarctic and Australian AVHRR L3U files to produce trial 1-day, 3-day and 6-day, gridded, multi-sensor, L3S files over the RAMSSA domain (60(E – 190(E, 20(N – 70(S) back to 2007 (December 2011)
· Provide real-time HRPT AVHRR SSTskin L2P, L3U and L3C files from Davis and Casey Antarctic stations (June 2013)

· Provide reprocessed (back to June 2006) hourly, 0.05º x 0.05º gridded, MTSAT-1R SSTskin L3U files to IMOS (June 2011)

· Provide real-time and reprocessed hourly, 0.05º x 0.05º gridded, MTSAT-2 SSTskin L3U files to IMOS (December 2011)
· Equip two additional SOOP vessels with hull-contact temperature sensors and provide real-time, quality assured ship SST data streams from these vessels plus the New Zealand research vessel RV Tangaroa and CSIRO’s RV Linnaeus to the GTS and IMOS (June 2012)

· Upgrade operational RAMSSA and GAMSSA to incorporate new IMOS L2P data streams for enhanced accuracy/resolution (HRPT AVHRR and possibly MTSAT-2) and L2P data from AATSR (December 2011)

· Bureau researchers will test RAMSSA_skin SSTskin analyses for both the quality control of satellite sounder data being assimilated into ACCESS-R NWP analyses and as a boundary condition for ACCESS-R forecasts (June 2013)
· Bureau researchers will assess the impact of incorporating a DV model in the BLUElink coupled limited area model (CLAM) (June 2012).
11. Main Users of BLUElink and IMOS SST Products

The main users of the Bureau of Meteorology’s BLUElink and IMOS SST products are:

· Bureau NWP systems

· Currently require accurate, daily, foundation SST analyses at the appropriate spatial resolution for the NWP boundary condition and for quality control of satellite sounder data assimilated into NWP
· May in future require accurate skin SST analyses produced using foundation SST analyses plus (SST using NWP forecast fluxes/winds as inputs both for a boundary condition and for quality control of satellite sounder data

· Bureau Ocean Prediction Systems

· Currently require accurate, foundation SST L2P files from both microwave and infrared satellite sensors for daily data assimilation
· Require accurate, timely in situ SST (eg. IMOS ship SST) and accurate, timely SSTfnd analyses for validation of SST(5m) analyses and forecasts

· In future require a fast, accurate diurnal variation model to convert from forecast SST(2.5m) to SSTskin

· Seasonal Forecasters

· Currently require accurate, global, daily foundation SST at the appropriate spatial resolution for coupled model initialisation 

· Weather forecasters

· Require SST analyses and forecasts at as high resolution as possible for sea fog prediction with updates several times per day
· Royal Australian Navy

· Require accurate, foundation SST L2P files from both microwave and infrared satellite sensors for daily data assimilation into daily global relocatable ocean model at ( 0.05( resolution

· Australian Researchers/Education

· Modelers require accurate L2P or L3U files at a range of resolutions

· Biologists generally require gap-free SSTfnd analyses or SSTskin L3C composites at as high resolution as possible, going back in time as far as possible

· Recreational users (eg. fishers, boaters, surfers, divers, swimmers, yachtees)

· Commercial users (fishing, ocean transport, oil/gas drilling, coastal engineering)

· Search and Rescue

· Government agencies (police, environmental protection, coastal area management)

· Hazardous spill management

· Aquaculture

Unless otherwise stated above, in general the main users of the Bureau’s SST products require visual maps of SST real-time analyses and forecasts at as high spatial resolution as possible with the capability of selecting an area/time.  The production of accurate SSTskin products at hourly, 4 km resolution from MTSAT-1R and MTSAT-2 and twice-daily, 1 km resolution from the NOAA polar-orbiting satellites will facilitate the production of higher spatial resolution SST analyses at the Bureau.  They will also assist the validation of diurnal warming models over the Australian region, necessary for the production of sub-daily skin SST analyses and forecasts.
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