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ABSTRACT 

The Australian Bureau of Meteorology (the Bureau) is 
producing 1 km resolution sea surface temperature 
(SST) products in real time from Advanced Very High 
Resolution Radiometer (AVHRR) sensors on board 
NOAA Polar Orbiter platforms received at the 
Bureau’s satellite reception facilities.  As part of the 
Australian Integrated Marine Observing System 
(IMOS: http://www.imos.org.au) the Bureau has 
recently upgraded its SST processing system to comply 
with the GHRSST-PP (now Group for High Resolution 
SST) Data Processing Specification v1.6 (Donlon et 
al., 2005) and up-to-date processing practices. The 
significant components include the use of regional 
rather than global buoy SSTs for satellite SST 
calibration, noise resistance methods of SST coefficient 
estimation, the development of a match-up database 
(MDB), calculation of single sensor error statistics 
(SSES), an analysis of cloud proximity confidence in 
terms of km rather than pixels, stitching of overlapping 
raw AVHRR data from several groundstations and the 
generation and distribution of SST products in 
GHRSST L2P and L3P format. This paper provides an 
overview of these advances and the new high-
resolution products which will shortly become publicly 
available through IMOS and the GHRSST Global Data 
Assembly Centre. 
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The Bureau has calculated SST from High Resolution 
Picture Transmission (HRPT) AVHRR since the early 
1990’s using McIDAS 
(http://www.ssec.wisc.edu/mcidas/). The native format 
of McIDAS satellite products (e.g. AREA files) has 
proved a barrier for many user groups to gain access to 
Bureau generated SST. The GHRSST format allows 
users to access SST data through the well described 
and often familiar netCDF interface. In recent years the 
Bureau has, where possible and practical, adopted the 
GHRSST format for storing and distributing SST 
products. 

Previously, there have been no single day and single 
night HRPT AVHRR composite SST products 

available for the Australian region.  The IMOS Satellite 
SST Products Sub-Facility now produces not only real-
time, single-swath, 1 km resolution, HRPT AVHRR 
SST L2P files, but also near real-time, single sensor, 
composite, GHRSST format L3P SST products, 
gridded at 0.01° x 0.01° over the region 90°E to 180°E, 
0°N to 55°S  for a single night and a single day of data 
(Figure 1). 

(a)   

 

(b) 

 

Figure 1. Example of (a) night and (b) day 0.01° x 
0.01° L3P composites from locally received NOAA-18 
AVHRR SST data for 10 April 2009.  The grey areas 
represent sensor coverage and sensor view angle was 
less than 60°.  SST is plotted for cloud-free pixels 
(proximity confidence flag = 5). 
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The aim over 2009 and 2010 is to reprocess archives of 
raw HRPT AVHRR data to produce these L2P and L3P 
files from NOAA polar-orbiting satellites back to 
around 1990.   
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The Bureau, in conjunction with a number of consortia, 
receives HRPT AVHRR data generated from NOAA-
17, NOAA-18 and NOAA-19 satellites from six 
ground stations located around Australia (Melbourne, 
Perth, Darwin, Townsville, Alice Springs and Hobart) 
and one in Antarctica (Casey). The raw data is stitched 
using a method developed by Edward King of CSIRO 
Marine and Atmospheric Research (King, 2003) and 
SST is calculated and distributed using the processing 
system outlined in Figure 2. 

AVHRR and associated ancillary data are used to 
calculate a SST product and an associated cloud mask. 
A non-linear SST (NLSST) algorithm [Walton et al., 
1998] is used in operational processing of daytime 
AVHRR data. For night-time AVHRR data the 
MCSST triple window algorithm is used.  Regression 
coefficients for these day/night algorithms were 
calculated using SST measurements from drifting and 
moored buoys in the Australian region (75°E to 185°E, 
15°N to 65°S). The Regression method used is a 
Singular Value Decomposition with aggressive zeroing 
of the weighting matrix.  Cloud masks for each data set 
are determined using the CLAVR-1 algorithm [Stowe 
et al., 1999]. 

To comply with the GHRSST L2P and L3P formats, 
data providers need to supply an uncertainty with the 
SST product. Uncertainty estimates for valid SST 
retrievals are determined by comparing the satellite 
derived SST measurement with quality controlled in 
situ temperature measurements following the 
Medspiration guidelines [Piolle and Prevest, 2006]. 
The in situ temperature measurements are obtained 
from a network of drifting buoys and are essential 
inputs into our Matchup Database and SSES 
algorithms. 

As the cloud contamination scale length has not been 
well defined for the AVHRR system, the Bureau 
analysed the matchup error between buoys and 
AVHRR SST as a function of cloud patterns as defined 
by the cloud mask.  Numerous estimators of cloud 
contamination scale length were examined and the 
most efficient was determined as the distance in km to 
the nearest cloudy pixel.  These were then related to the 
cloud proximity confidence ordinal scale. 
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Figure 2. Block diagram of the Bureau of Meteorology 
new IMOS stellite SST processing system.  

In the final stage of the processing system the SST data 
is packaged with ancillary data (e.g. wind speed) into 
the GHRSST-PP v1.6 L2P format (Donlon et al., 
2005). The L2P file is then distributed to internal and 
external users and gridded using the mapx library 
developed at NSIDC 
(http://geospatialmethods.org/mapx) to produce single 
day and single night composite GHRSST v2.0 L3P 
files following the format outlined in Piolle and Casey 
(2008).  
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The Bureau has developed software to compare 
satellite SST and temperature observations from 
collocated and contemporaneous drifting buoys. The 
Bureau have implemented a MDB following the 
Medspiration MDB guidelines [Piolle and Prevest, 
2006]. For each in situ measurement:  

1) Find the closest satellite pixel (valid or not) to the 
in situ measurement. 

2) Find the neighbouring pixels that are within a 
specified spatial and temporal distance to the 
satellite image pixel identified in step 1. For 
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example, get all satellite image pixels that are ±12 
km and ±2 hours from the in situ measurement. 

3) Select the closest valid pixel in time then distance. 
This is the matchup. 

4) Calculate the following statistics for the neighbour 
box identified in step 2: 

a) percentage of valid pixels; 

b) mean sea surface temperature; 

c) standard deviation sea surface temperature; 

d) percentage of pixels having proximity 
confidence values equal to 0, 1, 2, 3, 4, 5. 

Brute force searching across high resolution imagery is 
computationally intensive. Therefore a failsafe iterative 
processs was employed to reduce total CPU usage by a 
factor of 20 over a brute force method. The MDB 
software allows the temporal and spatial search 
constraints to be specified via XML.  

An analysis of NOAA-17 and 18 data indicated that 
proximity confidence values based on a 3D lookup 
table of distance to nearest cloud, satellite zenith angle, 
and day/night pass could be used advantageously and 
was therefore implemented. 
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Results from the MDB are used to calculate SSES, 
following the GHRSST-PP Data Processing 
Specification v1.6 (Donlon et al., 2005). Currently a 
spatial search size of ±12 km and a time difference 
threshold of 2 hours are used within the MDB to 
generate matches to be used in SSES calculation. 
Matchups from the preceding three weeks are sorted 
into groups by proximity confidence value. For each 
proximity confidence group the difference between 
satellite and in situ SST is calculated. From this 
difference a bias and standard deviation is obtained and 
used to fill the SSES fields.  Figure 3 shows the 
matchup statistics for NOAA-17 and NOAA-18 for a 
proximity confidence of 5 (best) for the Australian 
region covering the period 17 December 2008 to 4 
April 2009.   

For NOAA-17 nighttime standard deviation was 
0.22°C and daytime was 0.42°C.  For NOAA-18 
nighttime standard deviation was 0.32°C and daytime 
was 0.40°C.  These values compare very favourably 
with the Bureau’s pre-existing level 2 HRPT AVHRR 
SST products of 0.53°C and 0.59°C for nighttime 
matchups over the same period for NOAA-17 and 
NOAA-18 respectively. 

(a) 
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Figure 3. Histogram of matchup statistics for HRPT 
AVHRR SST from (a) NOAA-17 and (b) NOAA-18 for 
proximity confidence=5 for the Australian region pver 
the period 17 December 2008 to 4 April 2009.   Blue 
bars represent nighttime data and orange represents 
daytime. 

Much of this improvement to the errors has been 
achieved by taking care when determining the high 
class data in the L2P and L3P files (ie. proximity 
confidence = 5).  Therefore, by analysing matchups 
versus distance to nearest cloud, it was determined that 
it is necessary to be 6 km away from cloud to have 
minimal chance of cloud contamination.  The HRPT 
AVHRR data has also been restricted to satellite zenith 
angles < 50°.  Other improvements to the processing 
have been to stitch the overlapping raw data from a 
number of groundstations, use regional rather than 
global buoy observations in producing the regression 
coefficients for the SST NLSST algorithms and to 
optimise the fit of the HRPT AVHRR radiances to the 
in situ SST data. 
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These GHRSST formatted HRPT AVHRR L2P and 
L3P data files are being made available to the IMOS 
Australian Oceans Distributed Active Archive Centre 
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(AO-DAAC) to increase awareness and access to the 
Bureau’s data. The AO-DAAC is designed to make 
various remotely sensed ocean products available to 
researchers through an OPeNDAP interface, associated 
metadata database and web interface (King et al., 
2008).  

A web-based interface to the AO-DAAC system has 
been provided at http://www.eoc.csiro.au/aodaac, 
where the spatial extent of the requested data can be 
specified using a Google-Maps interface. The 
requested data can be returned as a set of OPeNDAP 
URLs, ASCII text, or extracted into a single HDF file. 

Later in 2009, it is planned to also make the same L2P 
and L3P files available to a wider audience via the 
GHRSST Global Data Assembly Centre hosted by 
JPL’s PO.DAAC (http://ghrsst.jpl.nasa.gov) and the 
GHRSST Long-Term Stewardship and Reanalysis 
Facility hosted by NODC (http://ghrsst.nodc.noaa.gov). 
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As part of the IMOS Project the Bureau of 
Meteorology has recently commenced producing 
HRPT AVHRR SST level 2 and level 3 products in the 
GHRSST-PP v1.6 L2P and GHRSST v2.0 L3P 
formats.  These files will be made available through an 
IMOS OPeNDAP server accessible via 
http://imos.org.au/srs_data.html by July 2009 and 
through the GHRSST GDAC by December 2009. 

The new IMOS HRPT AVHRR L2P SSTs are 
significantly more accurate than the Bureau’s pre-
existing HRPT AVHRR level 2 SST data from NOAA-
17 and NOAA-18 satellites, with standard deviations of 
night-time matchups with drifting and moored buoys 
approximately halved through improved processing 
techniques. 

By late 2009 it is planned that the AVHRR L2P 
products will be incorporated into the Regional 
Australian Multi-Sensor SST Analysis [RAMSSA; 
Beggs, 2007] that produces 1/12° resolution, daily SST 
analyses over the Australian region (20°N - 70°S, 60°E 
- 170°W).  They will also be used in diurnal warming 
studies of the oceans near Antarctica and the Tropical 
Warm Pool north of Australia.  The single day and 
single night HRPT AVHRR SST L3P data will be used 
by researchers at the University of Western Australia in 
the Transient Coastal Upwelling Along Ningaloo Reef 
Project.  This project is all ready using the Bureau’s 
legacy HRPT AVHRR SST 14-day, 0.01° x 0.01° 
resolution, Mosaic L3P products, and the enhanced 
accuracy and smaller temporal resolution is expected to 
significantly benefit this coral reef study. 
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