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1. Introduction:

The operational Regional Sea Surface Temperature Analysishev@ustralian region
(20°N-70°S, 60E-170W) was upgraded to a new version in NMOC Melbourne on 27
August 2007. Sea Surface Temperature analyses, as well asabesedul product in
their own right, are used by numerical weather prediction mqtidP ) to provide
lower boundary height fluxes from the ocean. This upgrade, as pae 8LUEIlink >
Ocean Forecasting Australia project, involves the increase tlsgasolution from the
existing 1/4 (i.e. 0.25) resolution to the 1/£2~0.083) resolution and the use of
additional satellite data sets to produce daily SST, thatasofrany diurnal variations
(e.g. daytime warming or nocturnal cooling) (Beggs et al. 200&eddsof producing
“bulk” SST at approximately 1 m depth as in the existing analgs¢em, this new
system produces so called “foundation” SST estimates, that reeaseira depth range
of 1-20m approximately, and are a more accurate representation oteha mixed
layer temperature (Donlon et al., 2002; Robinson, 2004). This new systebedras
developed by Helen Beggs from the Ocean and Marine Forecasting Group in BMRC.

The first version of the new regional SST analysis system wedéra parallel
operational trial in NMOC during the period 12 June 2006 to 17 Decepili, as
described in Beggs et al. (2006). The latest version of this netensywas
implemented by NMOC using the input parameters reported in BE@O@S) and has
been running twice a day since 18 December 2006 to include a gree¢eage of the
previous day’s Advanced Microwave Scanning Radiometer—Earth Obse3ystgm
(AMSR-E) SST observations. A comparison of analysed SST with buoy ddand
SSTs for the period 1 to 3bvember 2006 indicated that the new analysis system has a
lower bias and standard deviation than the existing operational &8yisia (Beggs,
2007). In addition, the new daily foundation SST analyses were compatedhei
latest high-resolution SST analyses from the UK Met Offind &IOAA, and the
composite Advanced Very High Resolution Radiometer (AVHRR) SST prdrh
CSIRO for the period 1 October to 30 November 2006. Results showed thag¢whis
analysis is closer to the Met Office analyses than the A@rduct and were up to
0.36°C cooler than the CSIRO composite product (Beggs, 2007).

2. Input Data Sources

The existing regional SST analysis uses “bulk” SST measursnframh drifting and
moored buoys, ships, and expendable bathymographs (XBTs), Argo floats and
Conductivity Temperature Depth profiles (CTDs) obtained from the Globa
Telecommunications System (GTS). These in situ data are bleridhecheasurements
from the Advanced Very High Resolution Radiometer (AVHRR) on bodue
operational meteorological polar orbiting satellites (curreopgrated by the National
Oceanic and Atmospheric Administration (NOAA)). These satatlismsurements are



converted to “bulk” SSTs using buoy match-ups (Walton et al., 1998). BatbaGl
Area Coverage (GAC) (9 km x 4 km resolution) and locally prockklsgh Resolution
Picture Transmission (HRPT) (1.1 km resolution) SSTs are us#teisystem. The
AVHRR, being an infrared sensor, is unable to accurately me&sifein cloudy
regions, leading to sparse coverage over some regions (Figure 1a).

In order to improve the spatial data coverage, particularly in gloegions, data from
two additional new satellites are included in this new systdémay are the AMSR-E on
the Aqua polar-orbiting satellite, which is largely unaffected diyud, and the
Advanced Along Track Scanning Radiometer (AATSR) on the EnviSat pd#gmg
satellite, which has a narrow swath path, but is more acctivatethe AVHRR or
AMSR-E. SST data from these three different satellite sensors areldbemlgd with in
situ data from the GTS in the new system. The spatial cov@fadata input to the new
analysis system is shown in Figure 1b for the same day’s analysis
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Figurel. Spatial distribution of observational data into: a) exisipgyational analysis
system; and b) new analysis system for 6 March 2007

3. Blending satellite SST data

The Bureau’s univariate statistical interpolation analysiemehassumes that input
observational data do not contain long-term relative biasesefbiner biases in both
AATSR and AMSR-E SSTs are adjusted using comparisons witkuibgik SSTs (see
details in Beggs, 2007). Currently, a bias correction is not applidatftHiRR SSTs, but
biases of the AVHRR foundation SST data streams used are lyioall (<0.£C)
compared with collocated buoy foundation SST (Beggs, 2007).

After long-term bias corrections, AASTR is also subjectec toool skin correction
since it measures true skin temperature (mb0depth), while the others measure sub-
skin temperature (AMSR-E) or are calibrated to buoy depths RR}-H The method of
removing the cool skin effect on AATSR SSTs during day and/or nggbtsed on
Donlon et al (2002), which depends on surface wind speed (see detaitgs) Be07).
Surface wind speed is derived from the Bureau’s Limited Aredid®en System
(LAPS) forecasts (0.37%orizontal resolution).



Finally, it is essential to convert all satellite and itu $ulk SST data to foundation
temperature estimates by similarly removing suspected diun@aming events
according to Donlon et al. (2002). SSTs are filtered out at theéidosawhere the
surface wind speeds are below 6 m/s during the day and less tldi2ing the night.
The blending method of all satellite input data is summarised in Figure 2.

Remove diurnal

Remove duplicates In Situ foundation : ‘ In Situ bulk
@« SSTs (RT) (GTS) warming events SSTs (RT)
(GTS)

Average over 8 x 8 pixels
(9km x 9km)

HRPT AVHRR foundation

SSTs
1.1 km (RT) (Bureau)

GAC AVHRR foundation

SSTs
(NRT) (NESDIS)

Remove diurnal
warming events

-«

HRPT AVHRR 1m SSTs
1.1 km (RT) (Bureau)
(NOAA -17,18)

Remove diurnal
warming events GAC AVHRR 1m SSTs
< (NRT) (NESDIS)
(NOAA -17,18)

Correct for cool skin and
AATSR remove diurnal warming events AATSR skin SSTs
< foundation SSTs < 0.17 deg (NRT)
0.17 deg (NRT) (ESA)

Remove diurnal

warming events Microwave AMSR-E -

sub -skin SSTs
25 km (NRT) (L2P)

Microwave AMSR-E
foundation SSTs
25 km (NRT) (L2P)

Fills in gaps due to cloud

v
Blended NCEP ice edge Previous week’s
Foundation SSTs data Global Analysis
(RT)

Bureau’s SST Ol
Analysis System

Regional Foundation SST

Analysis <
daily, 1/12 deg (RT)

Previous day’'s
regional foundation
SST analysis

Figure 2. Schematic diagram on the blending method of all satdHila input to the
new SST analysis system (from Beggs, 2007)

4. Analysis Methodology

In the Bureau’s Optimal Interpolation SST analysis schemestanate of a SST field
IS obtained by combining samples of the observations with an indepesstenaite
based on prior information (i.e. first guess), using previously méted statistical
characteristics to calculate the relative weighting mivie different sources of
information and to do the final interpolation onto a regular grid ($m®95a; Smith
1995b). The first guess is calculated using the previous week’s @8Faanalysis and
previous day'’s regional SST analysis (Smith et al., 1999).



For statistical interpolation, we need to minimise the root-mgaafs (rms) error in
SST estimates. Firstly, we need to specify the following variables:

1) the Root Mean Square (RMS) variation of the true field about the first guess.

2) the RMS variation of the observations about the true field. Thiadaslrandom
instrument error as well as errors of representativenesse(gpatctime). In the new
scheme each individual instrument has its own SST RMS error at@durom match-
ups with buoy SST measurements (Beggs, 2007) whereas in the prestaumse all
satellite observations were treated equally. A list of thergbhen standard deviation
errors (OBSESD) used in the new analysis system from 19 ece2006 to 12 June
2007 can be found in Table 1.

3) the autocorrelation function describing the spatial coherence efribrs in the first
guess between locations x1 and x2, which gives the radius of influghea
observation to changes of first-guess field. In this new system, it is set to 20 km.
4) the autocorrelation function describing the spatial coherence efvalisn errors in
space and time. This function is important for determining the artdependence of
samples. Any feature smaller than the observation correlation lengt{Q&8€LS) in
extent and within the observation correlation time scale (OBS@ili8)e is treated by
the Ol analysis as noise. The OBSCLS and OBSCTS are 4@tk and 0.5 days,
respectively.

Data Stream OBSESD (°C) Data Stream OBSESD (°C)
AATSR 1/6° Meteo Product 0.40 Ships 1.2

HRPT 1.1 km NOAA-17 0.49 Buoys 0.4

AVHRR

GACI 9km NOAA-17 AVHRR 0.34 XBTs, Argo floats, CTDs 1.2

HRPT 1.1km NOAA-18 AVHRR | 0.46

GACI 9km NOAA-18 AVHRR 0.41

25 km AMSR-E L2P 0.48

Tablel. Values of estimated observation standard deviations erroEEIBSi.e. RMS
errors) used to produce new daily regional SST analysis (from Beggs 2007)

5. Validation of New System & Products

The final version of the new system was run in parallel withettisting operational
system from 18 December, 2006. This provided a good opportunity to compare these
two systems with an independent product from the UK Met Offi&d 1@ analysis

(1/2@ resolution). An example of this comparison is shown in Figurer 31 March

2007. Data is interpolated to the common grid before the inter-compafiseriop left

panel (Figure 3a) is the display of the new SST analysihéoanalysis domain. The

top right panel (Figure 3b) is the difference plot of the nealyais minus OSTIA real

time SST products, indicating that our new system is genevallgner than the OSTIA

over the analysis domain, except over the eastern coast okaustihe difference is



generally less than 1 degree. The bottom left panel (Figureh®e)s the new system
minus our existing operational system, suggesting that the newsisné slightly
cooler than the existing operational analysis. Bottom right p&iglre 3d) illustrates
the difference of the existing operational analysis and OSTH¢haconfirms that the
NMOC new system is in better agreement with U.K. Met office products.

As pointed out in Beggs 2007, the main differences between the neswnsgsd the
existing analysis system are most likely due to a higheghtieg given to the
background field in the operational analysis, and therefore during smgadonal
temperature changes, the current operational analysis shows ddiay in matching
the observations.
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Figure 3. a) new high resolution SST analysis on 11 March 2007; W)et difference
between BoM high resolution SST and Met Office OperationaSST and Sea Ice
Analysis (OSTIA) daily 1/2¢ SST analysis; c) BoM new high resolution SST minus
existing SST analysis; and d) BoM existing SST analysis minus OSTIA analysi



As with the current system, the following SST charts are provided on the Bunesu’s
site athttp://www.bom.gov.au/marine/sst.shtrahd also delivered to our BoM internal
website:http://gale.ho.bom.gov.au/nm/oceanography/new_reg T388 page is
updated daily after the analysis is completed.

Product IDs Regions Locations
IDYO000L1.gif Australia 87E-174E,54S-15N
IDY00002.gif Queensland/Coral Sea 1BAl60E, 30'S-6°S
IDY00003.gif N.S.W. Coast 14B-158E,40°S-28'S
IDY00004.gif Victoria/Tasmania 148-152E,46’S-36'S
IDY00005.gif S.A/Great Australian Bight |  128-143E,42S-30°S
IDY00006.gif South Western Australia PE125E,40°S-25'S
IDYO00007.gif Northern Western Australia| 1WB128E,28'S-8S
IDY00008.gif Northern Territory 12E-142E,18S-6’S

Table 2: List of existing product IDs and selected regions

Figure 4. An example of the new SST analysis over the Queensland/Co&sda



5. Future Developments

Further enhancements are envisaged to the operational SST asettgsise including
the use of newly available Global Ocean Data Assimilation Experiment A&EpBigh
Resolution Sea Surface Temperature Pilot Project (GHRSSTLRRgI-2 Pre-
processed (L2P) data for correcting bias and estimation of diwaahing. Daily
ingestion of 10 km resolution sea ice analyses will improve theacg of SST at high
latitudes and an improved land mask will enhance the resolution ofiseasduch as
Port Phillip Bay. A choice of different domains to suit user needs is also planned.

Ongoing work, through the BLUEIink> Project, will be to extend theskniques to
the global sea surface temperature analysis.
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