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1. Introduction

1.1 Overview

The EUMETSAT Ocean and Sea Ice Satellite Application Facility (OSI SAF) is a consortium
constituted of Météo-France as leading entity, and Met.no, DMI, SMHI, KNMI and IFREMER
as co-operating entities.
The OSI SAF is routinely producing on a preoperational or operational basis a range of air-
sea interface products, namely: wind, sea ice characteristics, Sea Surface Temperatures
(SST) and radiative fluxes, Surface Solar Irradiance (SSI) and Downward Longwave
Irradiance (DLI).
The products the OSI SAF is committed to produce in the framework of the current phase,
the Continuous Development and Operations Phase ( CDOP), are described in the Product
Requirement Document [AD-1].
The products currently produced by the OSI SAF under pre-operational or operational status
are described in the Service Specification Document (SESP) [RD-1]), and validations
statistics provided in the Operations Quarterly Reports and on the Web site www.osi-saf.org
All intellectual property rights of the OSI SAF products belong to EUMETSAT. The use of
these products is granted to every interested user, free of charge. If you wish to use these
products, EUMETSAT's copyright credit must be shown by displaying the words “copyright
(year) EUMETSAT" on each of the products used. In case of using OSI SAF data for a
publication, please acknowledge EUMETSAT contribution.
Users are highly recommended to register on the OSI SAF Web Site : www.osi-saf.org, in
order to get access to useful information, documentation and links, news, service messages,
and to the help desk.
The OSI SAF is committed to produce the following LEO satellite derived SST products :
6 the Global MetOp Sea Surface Temperature (GBL SST), a 12 hourly synthesis
on a 0.05° global grid, referenced OSI-201
6 the NAR Sea Surface Temperature 2km stereopolar (NAR SST), referenced OSI-202,
a 4-daily product derived from two satellites, i.e. in 2009 from Metop and NOAA-
18/19, and in the future from MetOp and NPP/NPOESS. Those products are covering
one unique area and are in continuity to the NOAA/AVHRR NAR SST calculated over
7 pre-defined areas and produced till 2009.
6 The Full resolution MetOp Sea Surface Temperature metagranules (MGR
SST), referenced OSI-204, a full resolution MetOp SST in satellite projection,
corresponding to each granule of AVHRR data disseminated through EUMETCAST

These products will be referred to as MGR, GLB and NAR in this text, respectively.

Table 1 describes the characteristics of the OSI SAF SST products.

Name | Coverage |Satelite |Reso- | Time Formats Timeli | Volum |Volum | Volum
lution |charac- -ness |e per|je per|je per
teristics unit  :|unit :|unit
L2(3)P |L2(3) |GRIB(
core(bz | P gzip)
2) (bz2) |ed?2
GLB |Global MetOp |0.05° |12H, NetCDFL3P, 6h 13 Mb |25 Mb | 8.5 Mb
SST 2-daily | NetCDFL3P core,
GRIB2
NAR | European |MetOp |2km |2-daily |NetCDFL3P, 4h 8Mb |12 Mb [4.5Mb
SST |Seas NetCDFL3P core,
GRIB2
NAR | European |NOAA- |2km |2-daily |NetCDFL3P, 4h 7Mb |10Mb | 2.5 Mb
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SST |Seas 18/19 GRIB2
MGR | Global MetOp | Full Every L2P 4h N.A. |10 N.A.
SST res. granule MO

(1 km)

Table 1: Characteristics of the OSI SAF SST products

L2P or L3P are the netcdf format recommended by the GODAE High Resolution Sea
Surface Temperature Pilot Project (GHRSST-PP), see Donlon, 2005. L2P and L3P are
identical, “2” refer to products in satellite projection and “3” to gridded products.

The L2P or L3P format is provided in appendix 1, the GRIB ed. 2 format in appendix 2.

According to GHRSST-PP project, for IR derived products, the normalized Proximity
Confidence Value scale fixes 6 values : 0 : unprocessed, 1 : cloudy , 2: bad, 3: suspect, 4:
acceptable, 5: excellent. Those values are good predictors of the errors. It is recommended
not to use the confidence value 2 for quantitative use. Usable data are those with confidence
values 3, 4 and 5.

1.2 Document structure

The main content of this manual is a description of the product contents and formats. It also
briefly reviews the processing methods adopted, the algorithms used and the preliminary
validation results. The structure of the document is as following :

1- this introduction

2- AVHRR processing chain and algorithm

3- NPP/NPOESS processing chain and algorithm (to be included later on)

4- Product description

5- Access to the products

6- Validation results

Appendix Al, L2P and L3P format description

Appendix A2, format of the GRIB ed.2 product-

Appendix A3, accessing data by using the ECMWF GRIB API

Appendix A4, locating the NAR data by using PROJ4 library

1.3 Glossary

AATSR Advanced Along Track Scanning Radiometer

AOD Aerosol Optical Depth

Auxiliary data Dynamic data that are used in the preparation of GHRSST-PP L2P or
L3P data products including wind speed, surface solar irradiance,
aerosol optical depth and sea ice.

AVHRR Advanced Very High Resolution Radiometer

BT Brightness temperature

CDL Common data form Description Language

CMS Centre de Météorologie Spatiale (Météo-France)

COARDS Cooperative Ocean/Atmosphere Research Data Service

DMmI Danish meteorological Institute

DODS Distributed Oceanographic Data System

ECMWF European Centre for Medium-range Weather Forecasting

ESA European Space Agency
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EURDAC
GDAC
GDS
GEO
GHRSST-PP
GLB
GMT
GODAE
GOES
GRIB
GTS
IPCV
LEO

L1

L2

L2P

L3P
LAS
MCSST
MDB
Met.no
MF
MGR
MMR
MSG
NASDA
NAAPS
NAR
netCDF
NCEP
NOAA
NWP
PCV
RDAC
Reference data

SDI
SEVIRI
SSlI
SSES
SST
URI
XML

LEO SST Product User Manual

European GHRSST-PP RDAC coverage

Global data analysis centre

In situ and satellite data integration processing model
Geostationnary Earth Orbiter

The GODAE High Resolution Sea Surface Temperature Pilot Project
Global

Generic Mapping Tool

Global Ocean Data Assimilation Experiment

Geostationary operational environmental satellite

GRIdded Binary format

Global transmission system

Infrared proximity confidence value

Low Earth Orbiter

Level-1

Level-2

Level-2 data with added confidence flags after checking for gross
errors, consistency and timelines. This family of data products
provides the highest quality data obtained from a single sensor for a
given processing window. In satellite projection

Same as above, gridded

Live Access Server

Multi-channel sea surface temperature

Match up database

Norwegian Meteorological Institute

Météo-France

Metagranule

Master Metadata Repository

METEOSAT second Generation

National Space Development Agency of Japan

Navy Aerosol Analysis Prediction System)

North Atlantic Regional

Network Common Data Form

National Center for Environmental Prediction (US)

National Ocean and Atmosphere Administration

Numerical Weather Prediction

Proximity confidence value

Regional data assembly centre

Pseudo static data and analysis products that are used by the
GHRSST-PP (e.g., climatology maps, previous SST analysis (T-1))
Saharan Dust Index

Spinning Enhanced Visible and Infrared Imager

Surface Solar Irradiance

Single Sensor Error Statistics

Sea Surface Temperature

University of Rhodes Island

Extensible Mark-up Language

1.4 Applicable and reference document

1.4.1 Applicable documents
[AD-1], PRD, Product Requirement Document
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1.4.2. Reference documents
[RD-1], SESP, Service Specification Document
[RD-2], MetOp/AVHRR SST validation Report
[RD-3], NOAA-18/AVHRR SST Validation Report

LEO SST Product User Manual
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2. AVHRR Processing chain and
algorithms

2.1 AVHRR processing chain

2.1.1 Overview

The CMS processing chain includes the following main steps:
6 preprocessing: ingestion of the AVHRR L1C (L1B + cloud mask) data
6 cloud mask control
6 SST calculations
6 proximity confidence value determination,
that will be detailed in the next section.

Figure 1: Schematic diagram of the operational METOP SST chain

Figure 1 describes the chain in the case of METOP, producing global and NAR data. In the
case of NOAA, the outputs are only the 2km NAR (European seas) data.

This chain uses a set of static data which are briefly reviewed here below:
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Land masks: Three landmasks are needed, corresponding to the resolutions used in the
processing: 0.01° (MGR), 0.02° (NAR) and 0.05° (GLB). They have been derived from the
Generic Mapping Tools (GMT) full dataset with a restriction of the original GMT codes to
“ocean”, “lake” and “land”. Lakes covering less than 10000 km? have been filtered out (coded
as land) except over an European area defined by 30N-80N, 20W-50E where the minimum
value is reduced to 500 km?. It is envisaged to homogenize the lake definition over the
Globe.

SST climatology: Mean and minimum climatological SST values are used in the SST
calculations and the cloud mask control. We have used the mean and minimum 5 day SST
climatologies, at about 0.04° resolution, derived by Ken Casey from the “pathfinder” SST
archive following the method developed by Casey and Cornillon, 1999.

Front climatology: A climatology of fronts has been derived from the University of Rhodes
Island (URI) data base by Andersen and Belkin, 2006. For internal use at CMS, the monthly
maximum front intensities have been converted in K/5km units (currently used at CMS), at
the original pathfinder resolution (0.04°).

Preprocessing: This task delivers a “metagranule” that corresponds to a fixed time period (3
minutes in the case of METOP, one HRPT orbit acquired at CMS in the case of NOAA). The
SST processing chain ingests the original granules in AVH1C format which corresponds to
the usual AVH1B to which the MAIA cloud mask has been added. MAIA is a threshold based
cloud mask described in Lavanant, 2007 and includes a clear/cloudy flag and quality
information at the pixel level. A workfile including the AVHL1C data and creating all the
further requested variables is built for this metagranule.

Cloud mask control: A series of tests has been defined that consider various quantities such
as the local values of gradient, temperature, probability of ice, etc.. For each test, a test
indicator has been defined by comparison of the tested quantity (test_value) with a limit value
(limit_value) and a critical value (critical_value). Outside this range of values either there is
no problem, or the risk of errors is too high. The test indicator is defined as:

test_indicator= 100 x (test_value - limit_value)/ (critical_value — limit_value) (1)

indicator values below 0, or above 100 are assigned to 0 and 100, respectively.
This approach enables the homogenisation of the test results on a unique scale:
0: no problem; ]0-100[: potential problem; 100: critical problem.
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Figure 2: Subset of a metagranule over Brittany on the 5 August 2007 at 2116UTC:
Top: SST, T11 gradient climatology, temperature climatology
Bottom: T11 gradient, gradient indicator, temperature value indicator

Figure 3: Subset of a metagranule off Mauritania on the 6 August 2007 at 2249UTC:
Top: SST, SEVIRI Saharan Dust Index, NAAPS Aerosol Optical Depth
Bottom: Dust indicator, SDI correction, mask indicator

The mask_indicator is initialized (0 = clear, 100 = cloudy) from the MAIA flag values. After
initialisation, the value of mask_indicator is monitored for each clear water pixel (sea or lake).
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If a test results in a critical problem identification (test_indicator =100), the mask_indicator
takes also the critical value, the SST will take the missing value and the pixel will not be
further considered. Hence the order of the tests matters. They are presented here below with
the adopted hierarchy :

Primary cloud mask indicator: derived from the MAIA quality information available.
Gradient indicator: derived from the difference between the local 11 micron
brightness temperatures gradients and the corresponding maximum climatological
values calculated from the world Atlas of thermal fronts (see figure 2). The limit value
of this quantity corresponds to the T11 noise equivalent gradient value (determined to
be 0.03K/km). The critical value is a plausible margin which is reduced in the vicinity
of cloud, so that for a pixel close to a cloud the critical value is more easily reached
than far from clouds. The gradient indicator is calculated from the limit and critical
values according to equation (1).

Stratospheric aerosol indicator: in case of need, this indicator will record the intensity
of Pinatubo like stratospheric aerosol phenomena. It will be calculated according to
(1), where the test value is the aerosol optical depth.

Saharan dust indicator: it is based on the use of the SEVIRI derived Saharan Dust
Index (SDI, see Merchant et al., 2006) or the NAAPS Aerosols Optical Depth (AOD,
see US NAVY, 2003) where the SEVIRI information is not available. Both information
are in general consistent (figure 3).

Local temperature value indicator: the calculated SST is compared to limit and critical
values of the temperature deduced from the Casey world SST climatology (see
above), by adding margins to the local value of the minimum SST climatology. These
margins are function of the interannual standard deviation of the temperatures, of the
distance to cloudiness and of the distance to coast (see figure 2).

Ice indicator: derived from the probability of ice calculated by applying the met.no
(Eastwood and Andersen, 2006) ice probability method, based on the use of the local
value of the IR and visible AVHRR channels north (resp. south) of 50°N (resp. 50°S) .

A synthesis of all the test indicators is made as the mean of all the meaningful test
indicators. This mean value is the final value of the mask indicator. If an indicator is missing it
is given a value =100 in the synthesis calculation. This synthesis is used, ultimately, to
reflect the quality of the mask (see PCV determination below).

SST calculation

Two SST calculations are made: one in the context of cloud mask control, using the pixel
values, and the final calculation using a smoothed atmospheric correction term over reliable
data. For the algorithms definition and coefficients, see section 3 (algorithms) below.

Proximity confidence value (PCV) determination

PCV are dedicated on one hand to give the user a simple mean of filtering the data and on
the other hand to partition the MDB in view of deriving the sensor specific error statistics
(SSES) which are delivered for every SST calculation in the L2P/L3P format. It is essential
here to adopt a method similar to or compatible with those of our partners in the GHRSST-
PP project. For IR derived products, the normalised PCV scale shows 6 values: O:
unprocessed, 1 : cloudy, 2: bad, 3: suspect, 4: acceptable, 5 : excellent.

To calculate the PCVs, a representation of the risk factors on two axis has been adopted,
one representing the cloud mask problem, the other the algorithm known risk of errors, on a
scale from 0 (no risk) to 100 (critical risk), see figure 4.
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Figure 4. Left: Schematic representation of the PCV attribution as a function of risks
represented on a 2 axis system; right: example of PCV distribution corresponding to
the case of figure 3.

In practice the first axis (X) is the mask_indicator and the second (Y) is derived from the
satellite zenith angle as Y=100 (g/90). X<X, and Y<Ya determines a PCV value of 5
(excellent) etc.. as shown in figure 4. The initial values (that will likely evolve) are the
following: Xa= 20, Xb=35 and Xc=50; Ya, Yb, Yc correspond to satellite zenith angle values
of 50, 60 and 70 degrees. Yc is off the limit of the AVHRR so practically no “bad” label is
derived from the satellite zenith angle value.

2.2 AVHRR Algorithms

There are many formalisms usable to derive SST from the AVHRR IR brightness
temperatures. Based on previous experiences with GOES-East (Brisson et al., 2002) and
SEVIRI (Le Borgne et al., 2006), the following algorithms have been selected:

NL : SST=aTu+ (b Tcu+CSy (T - Tio) +d+ eSqy+ corr, for daytime
T37_1: SST= (a+bSy) Ter+(c+dSg) (Ti1 - T12) + € + Sy + corr, for nightime

Ta7, T11, T1o are the brightness temperatures at 3.7, 11 and 12 microns, respectively; corr is
the correction term resulting from preliminary adjustment on the MDB; S,= sec(q) -1, qis
the satellite zenith angle and T, is the mean climatological value.

In twilight conditions, SST is calculated through a weighted mean of daytime and nightime
algorithms.

The coefficients of the algorithms have been derived on a simulated brightness temperatures
data base (see Francois et al., 2002). The prelaunch version of these coefficients were given
in Le Borgne , 2006. The operational version of the coefficients are given in table 2. They are
guite close to the prelaunch version but for the constant terms which have been adjusted on
the first validation results (See Merchant and Le Borgne, 2004). . A SDI correction term is
calculated as a quadratic function of the SDI values (Merchant et al., 2006), for 0.1<SDI<0.8
(see figure3). This correction depends on the algorithm used. No corrections are made when
there is no SEVIRI observations. In these conditions there is a residual aerosol error that will
be corrected, or flagged, in the future, using the NAAPS AQOD.

At present the same algorithms are applied to retrieve surface temperature over sea and
lakes.
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a b c d e f corr.
NL 0.99052 | 0.06641 | 1.16321 | 1.26512 | 0.16400 - 0.23
T37_1 1.01867 | 0.02109 | 0.68858 | 0.33056 | 1.02351 |1.27303 |0.13
a b c d e f cofrr.
NL 0.97588 | 0.95641 | 0.05905 | 1.49882 | 0.28288 - 0.0
T37_1 | 1.01477 | 0.01467 | 0.59010 | 0.30312 | 1.24160 | 1.24510 0.0

Table 2: Coefficients of the non linear split window (NL) and triple window (T37_1)
algorithms for METOP-A (a) and NOAA-18 (b), with all temperatures expressed in

Celsius.
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3. NPP/NPOESS processing chain and
algorithms

to be included when NPP-derived product are (pre-) operational.

4. Product description

4.1 case of the MetOp SST metagranules (MGR SST)

At the end of the processing a workfile in netcdf is filled up for each metagranule and
contains:

location and illumination conditions

reflectances and brightness temperatures

MAIA original information

static data (landmask, climatology values,..)

dynamic data (SEVIRI SDI, NAAPS AOD,..)

intermediate calculation values (gradients, indicators..)

final results (SST, missing reasons, PCV,..)

These workfiles are produced and archived at CMS for validation, control and further use. All
the final products are derived from these workfiles.

OO OO OO

The SST metagranules are sent to IFREMER in L2P format for further usages. Note that the
processing time from the ingestion to the delivery in L2P format is about 1 minute for a 3
minute granule.

The global 0.05° resolution products (figure 5) are 12 hourly synthesis centred at 0000 and
1200 UTC. They are built progressively (when a new metagranule is ready to contribute) as
follows:
6 the metagranule pixel variables corresponding to one global grid point are averaged after
selection of the best PCV
6 the resulting values are candidate for the global file, but may compete with values
already in place (originating from a previous metagranule). In such a case the selection
is made according to the following criteria (with this priority order):
best PCV
nighttime cases have priority
lowest satellite zenith angle.

4.2 case of the NAR SST derived from MetOp or NOAA (NAR SST)

The NAR 2 km resolution products (figure 6) are made twice a day over the European
waters. Note the difference in coverage for METOP (data acquisition through EUMETCAST)
and NOAA-18 (data acquisition through HRPT). The same rules as those adopted for the
global product are applied in this case. Prior to entering the contribution scheme, the
metagranules are filtered according to their time: they must be dated to within DT from the
NAR nominal times (e.g. 1000 UTC and 2000 UTC for METOP, 0200 UTC and 1200 UTC for
NOAA-18). At present T=4.5h.
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4.3 Geographical definitions

MGR:

Projection: satellite projection

Resolution: full AVHRR resolution (1 km)

Size: 2048 columns, 1080 lines corresponding to 3 minutes of data acquisition; note that the
number of lines may vary.

NAR:

Projection:  Polar stereographic projection defined with an elliptical earth (equatorial
radius: 6378.388 km; polar radius: 6356.912 km), y axis is meridian O.

Resolution: 2 km at 45 N

Size: 3072 columns, 4096 lines

Longitude and latitude limits (westernmost and easternmost longitudes; southernmost and
northernmost latitudes): 76.02 W, 72.97 E, 13.59 N, 78.24 N

GLB:

Projection:  linear scaling in latitude and longitude
Resolution:  0.05 degree in latitude and longitude
Size: 7200 columns, 3600 lines

Longitude and latitude limits : 180 W, 180 E, 90 S, 90 N

Figure 5: 0.05° resolution global product on the 6™ of August at 0000 UTC, showing the
contributing MetOp metagranules superimposed
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Figure 6: :

(EUMETCAST); right NOAA-18 (HRPT)

L2P or L3P are

LEO SST Product User Manual

Example of 2 km resolution NAR product on 29" November 2008: left: METOP

the netcdf format recommended by the GODAE High Resolution Sea

Surface Temperature Pilot Project (GHRSST-PP), see Donlon, 2005. L2P and L3P are
identical, “2” refer to products in satellite projection and “3” to gridded products.
The L2P or L3P format is provided in appendix 1.

The GRIB format is provided in appendix 2.

5. Access to the products

5.1 Access to Near real time products
Access to the Near real time products is indicated in the following table :

Name and ref. of the product | Format Access

GLB SST (0SI-201) L3P netcdf IFREMER FTP server
GLB SST (OSI-201) GRIB2 EUMETCAST

NAR SST (OSI-202) L3P netcdf IFREMER FTP server
NAR SST (0OSI-202) GRIB2 EUMETCAST

MGR SST (OSI-204) L2P netcdf IFREMER FTP server

Notes :

IFREMER FTP server is accessible to users registered on the OSISAF web site,
(http://www.osi-saf.org ) at the following address :
ftp://eftp.ifremer.fr/cersat-rt/project/osi-saf/

Users rights are provided on request at osi-saf. hel pdesk@reteo. fr

5.2 Access to archived products

Access to the Near real time products is indicated in the following table :

Name and ref. of the product | Format Access
GLB SST (0OSI-201) L3P netcdf IFREMER/CERSAT FTP server
GLB SST (0OSI-201) GRIB2 UMARF
NAR SST (0OSI-202) L3P netcdf IFREMER /CERSAT FTP server
NAR SST (0OSI-202) GRIB2 UMARF
MGR SST (OSI-204) L2P netcdf IFREMER /CERSAT FTP server
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Notes :

IFREMER FTP server is accessible to users registered on the OSISAF web site,
(http://www.osi-saf.org ) at the following address :
ftp://eftp.ifremer.fr/cersat-rt/project/osi-saf/

Users rights are provided on request at osi-saf.helpdesk@meteo.fr
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6. Validation results

6.1 MetOp SST validation

The validation of the METOP SST has been done i) by using the operational Matchup Data
Base (MDB), ii) by intercomparison with other sensors

The MDB collects in situ SST measurements from ship, moored or drifting buoys, available
through the Global Telecommunication System (GTS) and the coincident full resolution
satellite information, within 3 hours from the in situ measurement. The satellite information
(calculated SST, brightness temperatures and reflectances) is extracted in a 21x21 pixel box
centred on the measurement location providing the coverage of the box by clear pixels is
larger than 10%. The MDB includes the in situ measurements (platform ID +SST + auxiliary
measures) and all the variables of the workfile.

The MDB is built with a 4 day delay to insure a good collection of the in situ data through the
GTS.

The reference validation statistics are based on the exploitation of the MDB, as follows:
Drifters only are considered

Nighttime and daytime algorithms are considered separately

To eliminate erroneous measurements, cases where the absolute value of the difference
between the insitu measurement and the climatology exceeds 5 K are eliminated .

The statistics are calculated from the differences between the central pixel of the validation
box (when clear) and the buoy measurement.

The validation results presented in this section correspond the first months (July 2007-June
2008) of routine delivery of the SST products in test then demonstrational mode, which
started on the 11" of July 2007 (table 3).

All cases 2 “pad” |3 “suspect”’ |4 “acceptable” |5 “excellent”
nbc 164478 4046 33693 59572 67167
Nighttime | bias -0.01 -0.31 -0.11 -0.02 0.06
stdev 0.46 0.72 0.56 0.45 0.35
nbc 229794 3353 32851 60697 132893
Daytime | bias 0.12 -0.31 0.10 0.08 0.16
stdev 0.58 0.99 0.71 0.62 0.51

Table 3: Mean and standard deviation of the error (satellite estimate minus buoy
measurement in K), for all cases and as a function of the confidence level, from 11
July 2007 to 18 June 2008 (nbc is the number of cases)
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The METOP GLB SST is also compared to a daily synthesis of (mostly) nighttime SST data
from various sources (AATSR, SEVIRI, NOAA/AVHRR,..) over the Atlantic. Statistics are
then produced for each sensor used in the intercomparison. Comparison with the AATSR
derived SST are quite informative since this sensor is considered as producing the reference
satellite estimates of the SST. The comparison results are quite consistent with the
performances observed against buoy measurements.

For more details on these validation results see Le Borgne et al. 2008 and Poulter and
Eastwood 2008.

They lead to the following concluding remarks:

The global statistics are well within the target accuracy defined in the OSI SAF CDOP
requirement documents (monthly biases and standard deviation < 0.5K and 0.8K,
respectively). The nighttime bias and standard deviation calculated over 11 months are
indeed —0.01K and 0.46K respectively for nighttime cases, and 0.12K and 0.58K for the
daytime cases and fairly stable with time. The regional distribution of the errors shows no
convincing differences between the basins as defined by UKMO and adopted by GHRSST,
except for the Arctic, where a deficit has been observed. According to Poulter and Eastwood,
this deficit is about —0.34 K by night and null by day once the twilight cloud mask issue is
corrected for. The mapping of the errors, as well as the comparisons with the AATSR have
shown negative biases in specific areas of the oceans such as the Eastern Equatorial
Atlantic and the Western Equatorial Pacific. These biases seem to affect particularly the
daytime split window algorithm for temperatures over 30C. They are observed for most IR
sensors, including SEVIRI and the OSI-SAF have launched several studies to try to solve
this (see Merchant et al 2008a and 2008b), but short term solutions in the frame of the
multispectral approach seem unlikely. Although the origin of these biases is still not
completely clear, they demonstrate the limitations of the classical multispectral approach that
has been, so far, universally adopted in operational SST retrieval from IR imagery.

The validation/controls done by users confirmed the main characteristics of our own results.
UK MO have started ingesting operationally the METOP SST granules from the 1% April
2008.

The confidence values are good predictors of the errors (table 3), as expected; it is
recommended not to use the confidence level 2 data for quantitative use.

6.2 NOAA SST validation results

The new chain has ingested NOAA-17 as well as NOAA-18. Both have een validated but,
since only NOAA-18 is delivered in operational mode, only the NOAA-18 results are
presented here.

All cases 2 "bad” |3 “suspect” |4 “acceptable” |5 “excellent”
nbc 7679 81 1654 1813 4131
Nighttime | bias 0.08 -0.48 -0.04 0.10 0.13
stdev 0.47 0.86 0.67 0.46 0.34
nbc 25680 204 4938 6297 14241
Daytime | bias 0.01 -0.42 -0.02 -0.02 0.04
stdev 0.49 0.69 0.63 0.50 0.42

Table 4. Mean and standard deviation of the error (satellite estimate minus buoy
measurement in K), for all cases and as a function of the confidence level, from 23
February 2007 to 24 November 2008 (nbc is the number of cases)
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Table 4 shows the results obtained during nighttime and nighttime, during the validation
period in 2008. It should be noted, in comparison with table 3, that since the data cover only
the European seas, the number of cases is quite reduced . The results themselves are
comparable to those of METOP., and within the specifications. More details can be found the
NOAA-18 validation report (Le Borgne et al. 2009).
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Appendix Al. L2P and L3P format
description

The GHRSST-PP data files themselves have been chosen to follow the Climate and
Forecast netCDF conventions because these conventions provide a practical standard for
storing oceanographic data, and have already been adopted for the Data Sharing Pilot
project within GODAE. The netCDF data format is extremely flexible, self describing and has
been adopted as a de-facto standard for many operational oceanography systems.

This appendix provides a detailed technical description of the L2P and L3P EUMETSAT
OSI-SAF METOP SST products.

Their format is compliant with the GHRSST-PP Data Processing Specification (GDS) version
1.7, which were the recommended reference at time of writing the specifications for these
products (spring 2007).

Al.1 GDS netCDF v3.0 common data product file structure

The GHRSST-PP GDS netCDF v3.0 files are based on the attribute data tags defined by the
Cooperative Ocean/Atmosphere Research Data Service (COARDS) and climate and
forecast (CF) metadata conventions. The CF convention generalises and extends the
COARDS convention but relaxes the COARDS constraints on dimension order and specifies
methods for reducing the size of datasets. The purpose of the CF conventions is to require
conforming datasets to contain sufficient metadata that they are self-describing in the sense
that each variable in the file has an associated description of what it represents, including
physical units if appropriate, and that each value can be located in space (relative to earth-
based coordinates) and time (NetCDF Climate and Forecast (CF) Metadata Conventions,
Version 1.0-beta5, 2003).

The following web reference documents are applicable to GDS netCDF file formats:

netCDF: http://www.unidata.ucar.edu/packages/netcdf/
CF conventions: http://www.cqgd.ucar.edu/cms/eaton/cf-metadata/CF-working.html
COARDS conventions: http://ferret.wrc.noaa.gov/noaa coop/coop cdf profile.html
UDUNITS: http://www.unidata.ucar.edu/packages/udunits/

GDS data files have a netCDF specification that is configured with four common variables as
shown in Figure Al.1.

Dimensions Mandatory
(e.g.,ixj)

[i x j] geolocation data Mandatory
(specific to Gridded data set)

[i x ] array of SST data Mandatory
(e.g., SST, wind speed etc)

[i x j] array of confidence flags Mandatory
(specific to variable data set)

Global attributes Mandatory

Figure Al1.1 Schematic representation of an GDS netCDF output file identifying the
major file components.
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In the context of netCDF, a variable refers to data stored in the file as a vector or as a
multidimensional array. Global attributes are used to hold information which applies to the
whole file, such as the data set title. The global attributes shown in the example are the
minimum set required for a valid GDS netCDF file. Each individual variable can also have its
own attributes, referred as variable attributes. The dimensions of each variable must be
explicitly declared in the dimension section.

In this example, the variable SST consists of a 2-D array [i x j] of sea-surface temperature
measurements. In order to save disk space, the 32-bit floating point temperature
measurements have been scaled onto 16-bit short integers using the _add_offset and
_scale_factor variable attributes. The floating point SST values can be recovered using:

SSTfloat = (_scale_factor © SSTshort) + _add_offset

The values used for add_offset and _scale_factor are defined by the team generating the
netCDF data file.

Also associated with the SST variable are a number of additional variable attributes
describing the units, a longer descriptive version of the variable name, and a fill value. S.I
units should be used and described by a character string which is compatible with the
Unidata UDUNITS package. The SST variable fill value is used to indicate array elements
that do not contain a valid measurement. Several different attributes and associated tags
can be defined for GHRSST-PP variables.

Note that it is relatively easy to extend the format of a netCDF data file as another variable

data set may be appended to the end of the file without modifying the original file format
structure.

Al.1.1 GDS netCDF global attributes

The global attributes shown in blue are mandatory for each GDS netCDF data product file
are specified in Table A1.1.1

Tag name Format Description

Conventions string A text string identifying the netCDF
convention followed. This attribute
should be set to "CF-1.0" to indicate
compatibility with the Climate and
Forecast (CF) netCDF convention.

title string A descriptive title for the data set e.g.:
"Sea Surface Temperature from METOP
AVHRR"

DSD_entry_id string the DSD entry related to the data file, e.g.
"EUR-L2P-AVHRR_METOP_A"

references String "N/A"

institution string Origin of the data:"LnP produced by the
EUMETSAT O&SI SAF: copyright 2008
EUMETSAT”

contact string A free text string giving the primary

contact for information about the data set:
" O&SI SAF help desk at http://www.osi-
saf.org"

GDS version_id String "v1.0-revl.7"

netcdf version_id String "3.6.1 of Sep 4 2007 17:07:53 $"
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Tag name

Format

Description

creation_date

string,"yyyy-mm-dd"

Date the data file was created (UTC),e.g:
"2007-10-18"

product_version string Release number of the datafile: e.g. "1.0"

history string List of the applications that have modified
the original data

platform string Satellite identifier: "METOP_A"

sensor string Sensor identifier: "AVHRR"

spatial_resolution string Resolution of the product:

"1km" for MGR
"2km" for NAR
"0.05 deg"for GLB

start_time string, “hh:mm:ss Time of the first measurement in the data
uTeC” file

stop_time string, “hh:mm:ss Time of the last measurement in the data
uTteC” file

start_date string,"yyyy-mm-dd Start date of the data in universal time
uTcC" coordinated (UTC; ~ Greenwich Mean

Time)
stop_date string,"yyyy-mm-dd End date of the data in universal time

uTc"

coordinated (UTC; ~ Greenwich Mean
Time).

northernmost_latitude Float degrees north, range -90° to +90°
southernmost_latitude Float degrees north, range -90° to +90°
easternmost_longitude Float degrees east, range -180° to +180°
westernmost_longitude Float degrees east, range -180° to +180°
file_quality_index integer A code value :

0 : unknown quality

1: excellent (no known problems)

2 : suspect (occasional problems, e.g. in
test mode)

3 : extremely suspect (frequent problems,
e.g.with known satellite problems)

source data

string [1024]

Not used

comment

string

Miscellaneous information

B GRL)

Al.1.2 GDS netCDF variable attribute definitions

I " #4$ % &

Table A1.5 describes the variable attributes shall be used. Some may not be relevant for
certain variables and reference to the variable requirements (as defined in the CDL
description of each variable) should be made to establish which are required. The
‘add_offset’ and ‘scale_factor’ variable attributes may vary from one dataset to another,
depending on the resolution or the characteristics of the sensor in question. Each
RDAC/GDAC is free to adjust these attributes to suit their own requirements, since it does
not matter to data reading tools which all have to unpack the data. However, these
parameters shall be the same for each files of a given dataset.

Tag name

Format

Description

_Fillvalue

Depends on variable type

A value used to indicate array elements
containing no valid data. This must be of
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Tag name

Format

Description

the same type than the storage (packed)
type; should be set as the minimum value
for this type. Note that some netCDF
readers are unable to cope with signed
bytes and may, in these cases, report fill
as 128

units

string

Text description of the units.

scale_factor

expressed in the unpacked
data type (for instance float
whereas the variable may be
stored - or packed - as an array
of short)

To be multiplied by the variable to recover
the original value.

add_offset expressed in the unpacked To be added to the variable after
data type (for instance float multiplying by the scale factor to recover
whereas the variable may be the original value.
stored - or packed - as an array
of short)
long_name string A long version of the variable name
valid_min Same data type as variable Minimum valid value for this variable once
they are packed (in storage type). The fill
value should be outside this valid range.
Note that some netCDF readers are
unable to cope with signed bytes and
may, in these cases, report valid min as
129
valid_max Same data type as variable Maximum valid value for this variable

once they are packed (in storage type).
The fill value should be outside this valid
range. Note that some netCDF readers
are unable to cope with signed bytes and
may, in these cases, report valid min as
127

standard_name

string

A standard and unigue description of a
physical quantity. For the complete list of
standard name strings, see
http://www.cgd.ucar.edu/cms/eaton/netcd
f/standard name.html.

source

string

Method of production of the original data
or original provider

axis

string

Identifies latitude, longitude, vertical or
time axis

positive

string

Indicates the real-world direction of a
coordinate variable ("up" or "down"). E.g.,
a depth or atmospheric pressure
coordinate would have this attribute set to
"down".

coordinates

string

Identifies auxiliary coordinate variables,
such as 2-D lat-lon coordinate arrays,
label variables, and alternative coordinate
variables.

grid_mapping

string

Identifies a variable that defines a grid
mapping must be provided if data
mapped following a projection. refer to CF




SAF/OSI/CDOP/M-FITEC/IMA/127 LEO SST Product User Manual

Tag name Format Description
convention for standard projection
names.

comment string Miscellaneous information about the data
or the methods used to produce it

Table A1.5 Mandatory variable attribute tags for GDS netCDF data product files (Rev 1:
26/02/2004)

Al1.1.3 GDS coordinate Variable definitions (Rev 1: 26/02/2004)

netCDF coordinate variables provide scales for the space and time axes for the
multidimensional data arrays, and must be included for all dimensions that can be identified
as spatio-temporal axes.

x (columns) and y (lines) grid dimensions are referred either as ‘ni’ and ‘nj’ or as ‘lat’ and
‘lon’. If data are mapped on a regular grid (see L4 product format), lon and lat must be used
instead of ni (number of columns) and nj (number of lines). ni and nj must be used only when
data are mapped on a non-regular grid (curvilinear coordinates) or following the sensor
scanning pattern (scan line, swath).

Coordinate vectors are used for data arrays located on orthogonal (but not necessarily
regularly spaced) grids, such as a geographic (lat-lon) map projections. The only required
attribute is units. The elements of a coordinate vector array should be in monotonically
increasing or decreasing order. The data type can be any and scaling may be implemented
if required.

Coordinate arrays are used to geolocate data arrays on non-orthogonal grids, such as
images in the original pixel/scan line space, or complicated map projections. Required
attributes are units and _Fillvalue. Elements of the coordinate array need not be
monotonically ordered. The data type can be any and scaling may be implemented if
required. Add_offset and scale_factor have to be adjusted according to the sensor resolution
and the product spatial coverage. If the packed values can not stand on a short, float can
used instead (multiplying the size of these variables by two)

A coordinates variable (= "lon lat"): must be provided if non regular lat/lon grid (map
projection or swath data)

A grid_mapping (= "projection name"): must be provided if data mapped following a
projection. Refer to CF convention for standard projection names.

'time' is the reference time of the data defined as the time of the first/youngest analyzed
fields if there are several analyzied SST fields. L2P data record in this file. It is given to
facilitate aggregation of all files of a given dataset along the time axis with such tools as
DODS or LAS and also as reference for the deviation of each pixel acquisition time. It is
intended to optimize the size of the sst_dtime variable (time associated with each SST pixel)
which will store the time difference with this reference time.

A1.1.3.1 Geographic regular latitude/longitude grids (Rev 1: 26/02/2004)

Case of the GLB products

netcdf example {
dimensions:

time=1;
lon = 7200;
lat = 3600;

variables:

float lat(lat) ;
lat:long_name = "latitude" ;
lat:units = "degrees_north" ;
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float lon(lon) ;
lon:long_name = "longitude" ;
lon:units = "degrees_east" ;
long time(time) ;
time:long_name = "reference time as defined by first/youngest anayzed filed of sst data" ;
time:units = "seconds since 1981-01-01 00:00:00" ;

A1.1.3.2 Non-regular latitude/longitude grids (swath data product file) (Rev 1: 26/02/2004)

Case of the MGR products.

In this case where data are gridded following the sensor pattern, no projection can be
associated and lat/lon have to be stored in 2-D arrays. Dimensions can not refered as lat/lon
anymore since x and y axis of the grid are no more related to the latitude or longitude axis.
Each variable must explicitly provide a reference to its coordinate variables (‘coordinates’
variable attribute). The following dimension and coordinate variables shall be used for a non-
regular lat/lon grid (swath product file). The specific variable attribute ‘coordinates = "lon lat"
is required for each other variables (like ‘sea_surface_temperature’ below).

Note that ni will always be equal to 2048, whereas nj may vary in function of the time length
of the granule.

netcdf example {
dimensions:
time=1;

nj = 1080 ;

ni = 2048 ;

variables:
int time(time) ;
time:long_name = "reference time of sst file" ;
time:units = "seconds since 1981-01-01 00:00:00" ;
float lat(nj, ni) ;
lat:long_name = "latitude" ;
lat:units = "degrees_north" ;
float lon(nj, ni) ;
lon:long_name = "longitude” ;
lon:units = "degrees_east" ;
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A1.1.3.3 Non-regular latitude/longitude grids (projection) (Rev 1: 26/02/2004)

Case of the NAR products.

For gridded data using a specific projection (such as stereographic projection), lat/lon have to
be stored in 2-D arrays. Dimensions can not refered as lat/lon anymore since x and y axis of
the grid are no more related to the latitude or longitude axis. Each variable must explicitly
provide a reference to its coordinate variables (‘coordinates’ variable attribute) and to the
related projection (‘grid_mapping’ variable attribute) described in a specific variable
(‘stereographic_polar’ in the example below; refer to CF convention for standard names).
The following dimension and coordinate variables shall be used for a non-regular lat/lon grid
(projection). A specific projection coordinate variable shall be added (‘polar_stereographic’
here), following the CF-1.0 convention. The specific variable attributes ‘coordinates = "lon
lat™ and ‘grid_mapping = "polar_stereographic™ are required for each other variables (like
‘sea_surface_temperature’ below).

netcdf example {
dimensions:

time=1;
nj=3072;
ni = 4096 ;

variables:

int time(time) ;
time:long_name = "reference time of sst file" ;
time:units = "seconds since 1981-01-01 00:00:00" ;
float lat(nj, ni) ;
lat:long_name = "latitude" ;
lat:units = "degrees_north" ;
float lon(nj, ni) ;
lon:long_name = "longitude" ;
lon:units = "degrees_east" ;
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Al.2 pre-processed (L2P or L3P) data products (Rev 2: 10/01/2006)

L2P or L3P are the netcdf format recommended by the GODAE High Resolution Sea
Surface Temperature Pilot Project (GHRSST-PP), see Donlon, 2005. L2P and L3P are

identical, “2” refer to products in satellite projection and “3” to gridded products.
In the following text, L2P or L3P will be referred to as LxP.

The GHRSST-PP product names being discussed at the time of launching the METOP SST
L2P or L3P production, provisional names were adopted during the test period. When the
products became “demonstrational”, the following name has been adopted:

<Date Valid>-<RDAC>-<product type>-<SST type>-<ldentifying code>-<SST filename>[-
<optional characteristic>]-Processing Model ID>-<file version>.<base format>

which is described in Table A1.2.1

Name Definition Description
<Date Valid> YYYYMMDD Refgrs to the date for whlch this
particular data set is valid for.
Dissemination Centre | Name of the Regional Data Acquissition
<RDAC> Code Center : EUR
<Product type> L2P or L3P_GHRSST COF“P!'a”t with the GHRSST product
definition
Skin, subskin,
<SST Type> fundation Type of SST data

<lIdentifying code>

Data set name

AVHRR_METOP_A
NAR_AVHRR_METOP_A
NAR_AVHRR_NOAA 18
NAR_AVHRR_NOAA_19
GLOB_AVHRR_METOP_A

<SST filename>

Native to SST filename

Filename of input SST data file as given
by data provider

<optional characteristic>

string

Free field to distinguish ambiguous
cases

<processing model ID>

vnn (where nn is the
GDS version number,
e.g., 01

Version number of the GDS system
used to process the data file

<file version>

fuxx.x (where xx.x is
the release number of
this file)

Release version for this file (in case of
repro