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ABSTRACT

A new generation of integrated sea surface temperature
(SST) data products are now being provided by the
Global Ocean Data Assimilation Experiment (GODAE)
High-resolution SST Pilot Project (GHRSST-PP). Over
$10M has been invested by the international community
to implement a Regional/Global Task Sharing (R/GTS)
international framework for the GHRSST-PP which is
now delivering SST data products and services in real
time. The primary aim of the GHRSST-PP is to develop
and operate a distributed system that will deliver high-
resolution (better than 10 km and ~ 6 hourly) global
coverage SST data products operationally in near real
time. SST data products are derived by combining
complementary satellite and in situ observations in real
time. There are obvious synergy benefits to such an
approach but their practical realisation is complicated
by characteristic differences that exist between
measurements of SST obtained from subsurface situ
sensors, satellite microwave radiometers and, infrared
radiometer systems. Furthermore, diurnal variability of
SST within a 24 hour period, manifest as both warm
layer and cool skin deviations, introduces additional
uncertainty for direct inter-comparison and the
implementation of data merging strategies. A suite of
on-line satellite SST diagnostic systems are available
within the GHRSST-PP to consider these and other
issues and a re-analysis project will deliver the first of a
series of reanalysis time-series (ultimately covering the
period 1983-present) in early 2007. All GHRSST-PP
products are served to the international user community
free of charge through a variety of data transport
mechanisms and access points. This paper provides an
overview of the GHRSST-PP structure, activities and
data products. For a complete and up-to-date review of
the GHRSST-PP see http://www.ghrsst-pp.org.

1. INTRODUCTION

It is only in recent times that nations have begun to
recognise the size, diversity and complexity of the
ocean industries and their importance. It is estimated
that over 90% of world trade is carried over the ocean.
Oceanographic research has grown significantly in
response to developing concerns over the role of the
oceans within the climate system and the growing
demand for metocean data as more industries move
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offshore. Major growth in the marine industry is
expected in the sectors of:

marine transportation; ®  the ports industries
the leisure industries; ’ foshore oil & gas
industry;

marine foods and

services;

mineral exploitation; *  marine biotechnology;

*  marine information
technology;

* Research and
development.

*  submarine cables;

underwater vehicles;

renewable energy;

The Global Ocean Data Assimilation Experiment
(GODAE) is an international project to develop
operational global ocean analysis and prediction
systems to serve these industrial sectors, to save lives
and property and to further oceanographic research and
development. The vision behind GODAE is that these
societal and economic advantages cannot be realized
without implementing the concept of:

"4 global system  of  observations,
communications, modelling and assimilation,
that will deliver regular, comprehensive
information on the state of the oceans in a way
that will promote and engender wide utility
and availability of this resource for maximum
benefit to society."

Through the period 2003-2007, through international
co-operation, GODAE products, services and activities
will demonstrate the benefits and utility of global ocean
data and forecast products. Ultimately, the new
generation of ocean forecast products and services will
be transitioned into operational systems under the
guidance of the World Meteorological Organization
(WMO) Joint Commission on Oceanography and
Marine Meteorology (JCOMM) amongst others.

One of the most important dependencies for ocean
forecasting systems is on sea surface temperature (SST)
products that are required to properly constrain the
upper ocean circulation and thermal structure. SST data
products need to be accurate (better than 0.4K), be
available in near real time and have high spatial









is also being generated to investigate diurnal variations
of SST. These are important in their own right to some
user communities; for example the World Aviation
Forecast Centre (WAFC) team based at the Met Office,
Exeter UK, are extremely interested in SST hot spot
maps in the tropics and Mediterranean area that could
trigger Cumulonimbus activity and clear air turbulence
above.

3. L2P SST UNCERTAINTY ESTIMATION

Within the GHRSST-PP system, L2P SST uncertainty
estimation is based on matching satellite retrieved SST
with in situ observations co-located in space and time to
within 25 km of the in situ measurement and 6 hours
temporal separation. A large matchup database of co-
located data is generated for each satellite instrument
which is periodically analyzed to derive a mean bias and
standard deviation. In order to provide a more realistic
uncertainty estimate, a proximity confidence value is
derived for every SST observation based on the most
likely source of error for a given satellite instrument. In
the generic case of infrared satellite SST retrievals, the
most likely source of error is cloud contamination. A
confidence value (on a scale of 1-5 (value 6 is reserved
for a ‘cool-skin’ effect)), is assigned based on the
distance to the nearest cloud in a given scene and the
magnitude of anomaly defined against a coldest SST
climatology (currently derived from NASA Pathfinder
SST). In the case of microwave SST retrievals
(currently form the AMSR-E and the TRMM TMI
sensors), proximity confidence data are derived from
knowledge of side lobe contamination in the coastal
zone, radio frequency interference and flagged rainfall
(which prohibits retrieval of SST) are the primary
sources of error. In either case, every pixel in a scene is
assigned a proximity confidence value based on
objective criteria (e.g., clouds, deviation from
climatology, rain, sidelobe or RF) and, using the
matchup database, a bias and standard deviation (SD)
uncertainty estimate is derived for each proximity
confidence value on a regular basis spanning a suitable
time window when sufficient in situ data are available.
These time-bound bias and SD values derived from the
matchup database can then be assigned to all pixels in a
given scene based on the relationship between
proximity confidence value, time-bound bias and
standard deviation. This process is referred to as a
Single Sensor Error Statistic (SSES) and provides an
uncertainty linked to in situ observations (taken as
‘truth’) facilitating the use of GHRSST-PP products in
the climate record (which is also referenced to in situ
measurements).

Figure 4 shows the proximity confidence map generated
for an example MSG-SEVIRI SST data set. Clearly
seen in this example are high confidence values in cloud
free regions and degraded confidence values in the

proximity of clouds. Shown to the right are the SSES
bias and SD estimates for each confidence value (1-5
corresponding to cloudy through to excellent in the
proximity confidence map legend) for the SEVIRI over
a 6 month period showing how higher confidence values
are associated with lower bias and reduced SD. While
the SSES process is not able to account for all errors
(particularly with microwave SST observations which
require special attention on a regular basis), it provides
an optimised method for uncertainty estimation that is
functional in a real time environment and far better than
simply taking the latest published figures from sparsely
available ad hoc in situ validation studies. Furthermore,
it is expected that as more experience is gained with the
SSES process, better error estimates will be generated.
This is a priority area of study for the USA GHRSST-
PP RDAC project called Multi-instrument SST (MISST,
see http://www.misst.org) sponsored by the US National
Ocean Partnership Program (NOPP) and for the
European MERSEA-IP EC integrated project (see
http://www.mersea.org) tasked with defining the scope
and content of operational oceanography within the
evolving European Global Monitoring for Environment
and Security (GMES, see http://www.gmes.info)
system, the European component of the Group on Earth
Observations (GEO, see http://earthobservations.org).

Figure 4. L2P data proximity confidence product
produced from the ESA Medspiration SEVIRI LML
product shown in Figure 3. To the right is the SST
error plotted with the GHRSST-PP proximity confidence
values for a 7 month period in2004. (P. LeBorgne)

4. GHRSST-PP L4 GLOBAL ANALYSIS

Several global analysis systems are now operating on a
daily basis within the GHRSST-PP framework. For
example, the global analysis system developed by
Remote Sensing Systems using only Microwave SST
data (see
http://www.remss.com/sst/microwave_oi_sst data desc
ription.html).  Figure 4(a) shows a global L4 SST
analysis produced by the Met Office, UK in support of
the GHRSST-PP based on available L2P and in situ
observations for the 20 November 2005. The analysis,
called the Operational SST and Sea Ice Analysis
(OSTIA, see http://ghrsst-




pp.metoffice.com/pages/latest analysis/ostia.html) is
produced each day persistence based Optimal
Interpolation scheme providing SST on a 1/20° global
grid (~5km) and. At present OSTIA uses fixed x and y
correlation length scales (order 100km representing
synoptic and 10km representing meso-scale) in a two
pass process that first computes synoptic scale
innovations followed by mesoscale innovations that
provides a good approach to preserving SST gradients.
(Figure 4(b) shows the corresponding SST anomaly
computed against a Pathfinder SST weekly climatology
derived from AVHRR SST data covering the period
1985-2001. These types of products are extremely
useful for monitoring seasonal forecast products (e.g.,
http://www.metoffice.gov.uk/research/seasonal/index.ht

ml) that have strong dependencies on tropical region
SST patterns and magnitudes.
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Figure 4 Scale is in Degrees C. (a) Pre-Operational
SST foundation L4 product (OSTIA) produced by the
Met Office based on GHRSST-PP data products for
20/11/2005. (b) OSTIA — NASA Pathfinder climatology
(1985-2001) for 10-17/11/2005. (Data sets generate by
John Stark © Met Office 2005)

Figure 4 is the result of combined use of GHRSST-PP
L2P data products generated TRMM TMI, EOS-AQUA
AMSR-E, NOAAA AVHRR, MSG- SEVIRI and
ENVISAT AATSR observations. The OSTIA system
has been made possible as all of these products are
provided in a common data format greatly enhancing
their utility, requiring only a single read/archive

software configuration. In the near future, data from the
EOS-AQUA MODIS sensor, geostationary NOAA
GOES E and W imagers and the Japanese MTSAT-1R
imager will also be available as GHRSST-PP L2P
observation products. In 2006/7, EUMETSAT Polar
System (EPS) data will be made available in GHRST-
PP format so that EPS SST data can be used
immediately within GHRSST-PP applications.

Accurate maps of SST are arguably one of the best
climate indicators in their own right and many statistical
seasonal forecasts are based predictors derived from
tropical Atlantic and Tropical Pacific SST indices. An
accurate and sufficiently long time-series of SST is
required to initialize dynamical seasonal forecasts using
coupled ocean-atmosphere seasonal prediction models.
The GHRSST-PP is also engaged in a re-analysis
project that will develop a long term satellite derived
SST data set at high resolution that builds on the
synergy between complementary satellite and in situ

" data sets. The GHRSST-PP re-analysis project is
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working towards a combined 4km global coverage data
sets spanning 1983-present with the first basic set of re-
analysis products available in 2007.

Finally, the GHRSST-PP has various diagnostic systems
that are being used to assess the quality of data products
used within the GHRSST-PP. The Medspiration RDAC
system provides on-line access to a comprehensive
product assessment web site for L4 analysis products
within the Mediterranean area (see
http://www.medspiration.org/tools/validation/). In
addition, the GHRSST-PP hosts an on-line high-
resolution diagnostic data set (HR-DDS, see
http://www.hrdds.net) where real-time SST data
products, ocean model data sets and other supporting
data sets can be viewed and analysed interactively. This
type of application ensures that users and scientist alike
have ready access to information that can be used to
diagnose faults and problem issues immediately and in a
well defined format tuned to specific areas and issues.

5.  CONCLUSION

The GHRSST-PP is a large international project that
provides a framework for the exchange, processing and
application of satellite SST products. It has over €10
million invested by projects in Europe, Japan, Australia
France and the USA. The GHRSST-PP is making full
use of international satellite SST and in situ SST outputs
and recognises the importance of the rapidly growing
operational SST user and producer services that are now
provided by agencies all over the world. Operational
sea ice concentration, surface solar irradiance, aerosol
optical depth, and wind speeds are all operational inputs
to the GHRSST-PP and constitute the core data sets for
the GHRSST-PP RDAC services. For studies of diurnal
SST variability, hourly products of SST and SSI at full



SEVIRI native resolution are now becoming available.
A dedicated re-analysis program is now developing
within the GHRSST-PP and a set of on-line diagnostic
services are available. Full details of the GHRSST-PP,
its data products and services are available at
http://www.ghrsst-pp.org. Operational agencies are
engaging with GHRSST-PP as it now transits to
sustained operations. For the future, the GHRSST-PP
International Science Team requests that SST user and
producer communities consider the GHRSST-PP L2P
format and methods as a baseline standard for the
present and next generation of satellite SST data
products and services which represents the best
international scientific consensus opinion on SST data
format and quality control procedures. This would allow
users to be fully prepared for the application of these
data using a standard set of well documented I/O
utilities that are common to all satellite SST data sets
with obvious benefits to the application community.
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