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1. Introduction

1.1. Overview

This document is one of the product manuals dedicated to the O&SI SAF products users.
The main content of these manuals is a description of the product content and format. They
also briefly review the algorithms used and the processing methods adopted. The present
manual describes the Atlantic SST products, which cover the Low and Mid Latitudes (LML)
area with 3-hourly products, and the Merged Atlantic Product (MAP) area with 12-hourly
products.

The Ocean & Sea Ice Satellite Application Facility (O&SI SAF) is producing on a
preoperational 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).

SST, SSl and DLI products are available within 2 hours after the last satellite data acquisition
over the following grids:

NAR: Near Atlantic Regional, seven areas at 2 km resolution

LML: Low and Mid Latitudes, 100W - 45E and 60N - 60S, at 0.1 degree resolution

MAP: Merged Atlantic Products, 100W - 45E and 89.9N - 60S, at 0.1 degree resolution.

NAR products are derived from NOAA polar orbiter data, LML products from the
geostationary satellite data (GOES on the western area, MSG on the eastern area), and
MAP products from the geostationary and polar orbiter data (in the northern area). The time
samplings corresponding to these grids are shown below:

NAR LML MAP

SST Every 6 h 3 hourly 12 hourly
SSI
DLI

3 hourly 24 hourly

3 hourly 24 hourly
These products are delivered in GRIB format throught Météo-France FTP server ftp.meteo.fr
, in HDF and NETcdf format through the IFREMER server
ftp://ftp.ifremer.fr/publ/ifremer/cersat/SAFOSI and in GRIB format through the Regional
Meteorological Data Communication Network (RMDCN) to the European Meteorological
services. Access to data on ftp.meteo.fr is free but subject to prior user registration on the
OSI SAF Web site.
Moreover MAP SST is delivered in GRIB format via EUMETcast.
See also the OSI SAF Web site www.osi-saf.org for real time images of the products and
updated information.

The 3-hourly SST products are derived from GOES-East data over the West Atlantic and
from METEOSAT Second Generation (MSG) data over the East Atlantic. The 12 hourly
products are made also from GOES-East and MSG data; in this case however the High
Latitudes (HL) NOAA/AVHRR derived SSTs have been used to complete the coverage of the
Atlantic for areas polewards of 60 N. In the transition period before MSG becomes
operational, NOAA/AVHRR data have been used to cover the Eastern Atlantic.

The Information concerning the NOAA HL processing chains or specific characteristics can
be found in the HL SST product manual.

Section 2 presents a brief description of the algorithms and section 3 gives an overview of
the data processing. Section 4 provides detailed information on the file content and format.
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ATL

1.2. Glossary

Atlantic

VHRR Advanced Very High Resolution Radiometer

CMS
DLI

DMI
DNMI
ECMWF
GOES
GRIB
HDF

HL

LML
LMD
MAP
MDB
Met.no
MSG
NOAA
NAR

NL
O&Sil
RMDCN
SAF
SAFREE
SEVIRI
SSI
SST
TIGR
TOVS

Centre de Météorologie Spatiale

Downward Longwave Irradiance

Danish Meteorological Institute

Det Norske Meteorologiske Institutt (now Met.no)
European Center for Medium range Weather Forecast
Geostationary Operational Environmental Satellite
GRIdded Binary format

Hierarchical Data format

High Latitudes

Low and Mid Latitudes

Laboratoire de Météorologie Dynamique (Paris, France)
Merged Atlantic Products

Matchup Data Base

Norske Meteorologiske Institutt (Norvegian Meteorolgical Institute)
Meteosat Second Generation

National Oceanic and Atmospheric Administration

Near Atlantic Regional

Non Linear

Ocean and Sea Ice

Regional Meteorological Data Communication Network
Satellite Application Facility

SAF cloud FREE profile data base

Spinning Enhanced Visible and Infrared Imager
Surface Solar Irradiance

Sea Surface Temperature

Tovs Initial Guess Retrieval database

TIROS Operational Vertical Sounder

1.3. References

0&SI SAF High Latitude SST product manual, version 1.2, 10/10/2002 Met.no, Oslo

(Norway)



2. Algorithms
2.1. Development method

The developments of the O&SI SAF SST algorithms have been presented in Andersen et al
(1998) and in detail in Brisson et al (1998). The main principles of these developments are
briefly presented here below:

In a first step, the TIGR (Tovs Initial Guess Retrieval database) radio sounding database
made at LMD Paris (Chedin et al 1985) has been used to determine the basic algorithms of
the development phase. MODTRAN (Bernstein et al. 1996) has been used to compute the
brightness temperatures on a subset of radio-soundings corresponding to the geostationary
conditions. The coefficients corresponding to NOAA-14 and GOES-8 have been determined
for most of the formalisms available in the literature by regressions of the surface
temperatures against the simulated brightness temperatures. The resulting NOAA-14
algorithms have been then applied on the corresponding Pathfinder Match up Data Base
(Podesta et al. 1997) to check the validity of the approach and select the best formalisms.
This phase led to the choice of the non linear split window algorithms and triple window
algorithms as the best candidates for the preoperational phase under daytime and nighttime
conditions, respectively.

In a second step, the choice of the radio soundings has been reconsidered, including more
radio soundings in the low latitudes and eliminating cloud contaminated profiles. A new
profile database has thus been built, named SAFREE, which proved to be more efficient in
the case of NOAA-14 (Francois 1999, Francois et al. 2002). The GOES-8 and GOES-12
algorithms have been determined by applying MODTRAN on SAFREE.

In a third step (specific to MSG), RTTOV-7 has been substituted to MODTRAN after a study
(Merchant, 2003) showing a small bias in the 3.9 micron brightness temperatures simulated
by MODTRAN. The selected MSG algorithm has thus been determined by applying RTTOV7
on SAFREE.

The satellite derived SST definition adopted in the O&SI SAF is discussed in section 2.2.

The operational GOES-8 and GOES-12 algorithms, derived from SAFREE, are presented in
section 2.3. GOES-8 has been replaced by GOES-12 on the 2™ of April 2003.

The operational MSG algorithm is described in section 2.4.

The algorithms corresponding to the successors of GOES-12 and MSG will be described in
the future versions of this manual when necessary.

NOAA/AVHRR data are also used to produce the MAP SSTs, as a nominal solution at high
latitudes, and as a provisional solution over the North East Atlantic before MSG was used.
The algorithms corresponding to the NOAA derived data processed at met.no and at CMS
are described in the HL SST and NAR SST product manuals respectively.

The value of the algorithm coefficients may vary in function of the development results. The
coefficients in use can be found in the configuration file available on the website
http://www.osi-saf.org and presented in appendix E.




2.2. SST definition

Algorithms derived from simulations may show a few tenths of K biases when applied on real
data, due to the approximations of the radiative transfer modeling. Correcting for these
biases is possible after a few months of data have been processed, the correction terms
have been provided in the tables presenting the algorithm coefficients. This correction raises
however the question of the definition of the satellite derived SST.

Satellites actually measure the skin temperature (the temperature of the first few microns of
the ocean surface), a quantity that may be measured by radiometers mounted on ships on
the experimental scale, but not yet to a scale representative of all ocean conditions.
Significant validation data can only be obtained by buoy measurements at depths 0.5 to 1
meter beneath the skin layer. The skin-bulk difference is about 0.2 K by night (skin cooler
than bulk), but this difference may reach several K by day under favorable diurnal heating
conditions (skin warmer than bulk). The most appropriate way to evaluate a simulation
derived algorithm is thus through validation against nighttime buoy measurements, and that
can be done with the nighttime and daytime algorithms. This comparison may reveal a bias.
Correcting for this bias at night allows the retrieval of nighttime bulk SST, or sub-skin SST,
since in the absence of diurnal thermocline, it is the temperature that would be recorded
immediately beneath the skin layer. Applying the same bias by day allows similarly the
retrieval of the daytime sub-skin SST, since the skin effect (i.e. the skin minus sub-skin
difference) is similar by day and by night. In the development phase, the bulk SST definition
has been adopted, which means that daytime (resp. nighttime) algorithm biases have been
corrected against daytime (resp. nighttime) measurements. The disadvantage of this
definition is that the daytime bias correction has a statistical meaning depending in particular
of the characteristics of the validation set. Furthermore the bulk SST derived this way does
not resolve the local variability of the diurnal heating, so that large differences with buoy
measurements may still be found. The sub-skin SST definition has thus been adopted in the
operational stage, since it allows a representative validation by night, and preserves the
evaluation of skin SST by day.

2.3. GOES-East algorithms

GOES-East is located above central America (subpoint longitude: 75W). GOES-12 replaced
GOES-8 as GOES-East in April 2003.

GOES-8:

GOES-8 was the first of a new series of GOES satellites, equipped with an imaging sensor
with characteristics similar to those of the AVHRR. This sensor has in particular three IR
channels : channel 2 (3.7-3.9 micron), channel 4 (10.2-11.2 micron) and channel 5 (11.5-
12.5 micron) which provide IR data at 4-km spatial resolution at the satellite subpoint (Menzel
and Purdom, 1994). These “split window” and “triple window” capabilities allow the retrieval
of SST with algorithms similar to those applied to the AVHRR data.

GOES-12:

Thel2 micron channel has been replaced with a 13.3 micron channel onboard GOES-12.
From the point of view of deriving Sea Surface temperature (SST) from the GOES imager,
this change of channel combination required adjustment to the correction of atmospheric
absorption since the 3.9 micron and 11micron channels are the only “pure” window channels
on GOES-12.



By night the use of 3.9 and 11 micron channels allows the calculation of SST through an
evaluation of the atmospheric correction from the brightness temperature difference at 3.9
and 11 micron (the “dual window” technique).

By day the channel 3.9 micron radiances are contaminated by solar radiation and are
classically considered as improper to SST calculations. Various solutions have been
attempted to calculate the atmospheric absorption without the split window capacity, but
none, so far, has shown a sufficient accuracy. As a consequence, GOES-12 data are used
to retrieve SST in nighttime conditions only.

The algorithms coefficients derived from multilinear regression on the simulation database
are provided in table 1, 2 and 3. A bias correction (corr) should be applied to the calculated
SST in order to retrieve the subskin SST. This correction term is available for the existing
satellites, and will be derived after a few months of use for the future satellites.

Daytime algorithms (GOES-8 only):

The selected daytime non linear (NI) algorithms have the following form:

Ts=(Ao+A1S) T11 + (Bo + B1S + B, Tguess) (T11-T12) + Co + C; S, 1)
where Ay, A1, By, By, B,, Co and C; are constants given in table 1, Ts is the calculated SST,
T11 and T12 are the brightness temperatures at 11 and 12 microns respectively. The

climatologic SSTisused as Tquess < > ' - Q: satellite zenith angle; all temperatures
are in Celsius.

A A Bo B B, Co C]_ Corr.

GOES- [0.9709 |O. 0. 0.9583 [0.0655 |1.1051 |O. 0.48
08 NL

Table 1: Coefficients of the Non Linear algorithms for GOES-8

Nighttime algorithms:
GOES 8:

At night the three IR channel are used in T39 algorithms (T3.9 is the brightness temperatures
at 3.9 micron):

Ts=(Po+P1S)T3.9+ (Qo+Q:S) (T11-T12) + Ry + RS (2

Po P1 Qo Q: Ro R, Corr.
GOES-08 |1.013 0.006 0.314 0.324 1.607 1.578 0.33
T39

Table 2: Coefficients of the T39 algorithms for GOES-8.

GOES 12:

The selected algorithm (T39_4) is based on the combined use of T39 and T11 brightness

temperatures as follows:




TS=(Po+P1S)T11+ (Qo+ Q; S) (T39-T11) + Ry + R;S 3)

Po P1 Q() Q]_ Ro Rl Corr.

GOES-12 |1.02574 |0.01383 |1.17798 |0.09345 |1.76404 |2.19383 |0.26
T39 4

Table 3: Coefficients of the T39 4 algorithms for GOES-12.

2.4. MSG algorithms

MSG Is located above Africa (Subpoint longitude :0W). Its radiometer (SEVIRI) has four IR
channels usable for SST retrieval: IR channels 4 (3.48-4.36 micron), 7 (8.30-9.10 micron), 9
(9.80-11.80 micron) and 10 (11.00-13.00 micron). Routine SST retrievals from MSG started
in development mode in summer 2003. The following specific developments have been
made to define SST algorithms for MSG:

Developments of algorithms at CMS using simulated brightness temperatures built by
applying Modtran 3. 5 on the CMS dedicated radiosounding database SAFREE
(Francois et al, 2002).

Determination of aerosol robust algorithms (Merchant and LeBorgne, 2001). This
study made by C. Merchant in the framework of a visiting scientist scheme was
dedicated to determine alternative algorithms in case of a massive eruption of a
“Pinatubo” magnitude during the lifetime of MSG.

Validation of the Modtran3.5 brightness temperatures (Merchant, 2003). This study
was motivated by the fact that new IR channels were present on MSG. The
confidence gained by experience on MODTRANS3.5 in the classical windows (3.7, 11
and 12 microns) needed to be confirmed for the 3.9 and 8.7 micron channels. This
study identified a small bias in the MODTRAN 3.5 brightness temperatures by
comparison of a reference model that was not present in the Planck Weighted version
of RTTOV-7 which is a possible alternative to MODTRAN.

Preliminary tests have been made on the classical algorithms defined by equations (1) and
(2), which were concluded as follows:
The overall performances are admissible (assuming a bias correction is done),
Some characteristics of the T39 algorithm results are surprising, showing in particular
a standard deviation larger than 0.5 K, against an expected value about 0.4 K if we
refer to the GOES-8 results (Brisson et al., 2002).
Alternative algorithms have thus been developed i) to test if a change of radiative transfer
model improves the results of the classical NL and T39 algorithms, ii) to test other
formalisms, in particular using the 8.7 micron channel specific to MSG.
The conclusions of testing alternative algorithms were that:
Using RTTOV-7 derived algorithms improves the biases of the retrievals but not their
standard deviation
Using the brightness temperatures at 8.7 micron (T87) is a solution that looks
promising, but still shows problems that remain to be investigated.
The safest solution was to use the NL algorithm by night and day, see coefficients in table4.

A A Bo B, B, Co C]_ Corr.

MSG 0.98826 |O. 0. 1.18116 [0.07293 [1.10718 |O. 0.2
NL

Table 4: Coefficients of the Non Linear algorithms for MSG




Additionally, two general algorithms have been prepared, defined by:

DGN (daytime):
Ts=(a+tb S) T87 + (c+d S) T11 + (e+fS) T12 +gS +h (4)

NGN (nighttime):
Ts=(atb S) T87 + (c+d S) T39 + (e+f S) T11 + (g +h S) T12 +i S + ] (5)

These algorithms allow, in case of need, the implementation of aerosol robust
solutions.
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3. Processing scheme
3.1. Overview

The delivered products are 3-hourly means centered on 0100, 0400, 0700,...h UTC and 12-
hourly means centered on 0000 and 1200 h UTC. The LML products are derived from the
geostationary satellite data (GOES-East and MSG); the MAP products are built also from
geostationary satellite data, to which High Latitude (HL) products derived from the NOAA
polar orbiters at met.no (Oslo) are added in order to cover the northernmost part of the
Atlantic.

The SST products over the Atlantic have three components: the GOES-East, MSG and
NOAA-HL derived SSTs. The calculations of SST fields are made independently for each
data source.

This chapter describes the processing of the geostationary satellite data. Information
concerning the NOAA HL processing chains can be found in the HL SST product manual.

Section 3.2 describes the primary processing made on a hourly basis. The merging of the
data from various origin is presented in section 3.3. To this basic processing is added the
production of match up data bases for validation purposes (section 3.4) and the calculation
of control parameters (section 3.5) .

Various parameters in capital letters are used throughout the processing. Their present and
past values can be found in the configuration files corresponding to a given satellite,
available on the website http://www.osi-saf.org and presented in appendix E.

3.2. Primary processing

The primary SST calculations are made from GOES-East data on a hourly basis at the IR
pixel level according to the scheme presented in figure 1. This scheme is also valid for MSG.
Due to the location of CMS at Lannion in the westernmost part of Europe, all half hourly
GOES-East GVAR (GOES VARIiable format) data are acquired at CMS in direct readout. The
elementary SST calculations are done for data acquired schematically between 15 minutes
to and 15 minutes after the hour (0100, 0200,... h UTC). SST data will thus be allocated to
the corresponding hour.

MSG data are acquired at CMS every 15 minutes, but, similarly to the GOES-8 case, only
the data closest to the exact hour (0100, 0200,... h UTC) are used for hourly SST
calculations

Three main components of the processing are briefly described in this section: the cloud
masking, the SST calculations and the atlas uses in the processing.



ATLANTIC PRODUCT (LML) PROCESSING CHAIN

GOES-03 data acquisition (half hourly)
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Figure 1.GOES-East Hourly SST calculation scheme (also valid for MSG).

CLOUD MASKING:

The cloud mask in use is based on a multi-spectral thresholding algorithm (Derrien and Le
Gleau 1999). Some refinements specific to the marine conditions have been introduced:

Use of temporal stability of SST:

This technique was suggested by Wu et al 1999 and is applied in our case under the
following form: for a clear sky pixel, channel 11micron temperatures at H (T11H) are
compared to the maximum value of the corresponding temperatures at H-30 minutes (T11H,)
and H+30 minutes (T11Hy). If T11H - Max (T11H,;, T11H;) < GEO_PAR_THRESHOLD_WU,
the pixel is considered as cloudy. In version 1.0 GEO_PAR_THRESHOLD_WU =-0.5 K (see
appendix E).



Use of fine scale climatology:

The local calculated SST value (Ts) is compared to the climatologic minimum temperature at
the time of year in question (Tsmin) : a too low SST is indicative of cloud contamination and
the “too low” threshold depends on the distance of the considered pixel to the pre-calculated
cloud mask and the location of the pixel with respect to the coast.

The rationale for using distinct thresholds is the following: near a cloud, too cold
temperatures are more suspect and the control of the calculated SST against climatology
should be more severe. On the contrary coastal areas may show very cold patches due to
winter cooling that could have not been described by the climatology. Temperatures may
thus be significantly lower than the climatology.

So, the processing scheme works as follows:
if Tsmin-Ts > D, the pixel is considered as cloudy.

with  four Dt threshold (the numeric values are those of version 1.0)

GEO_PAR_THRESHOLD NEAR=-1K non coastal pixel, close to a cloud
GEO_PAR_THRESHOLD_COAST_NEAR=0.5 K coastal pixel, close to a cloud
GEO_PAR_THRESHOLD_ FAR=0.5K non coastal pixel, not close to a cloud

GEO_PAR_THRESHOLD _COAST_FAR=2K coastal pixel, not close to a cloud

“close to a cloud” means that a cloud is detected in a n*n pixel box centered on the
processed pixel where n=1+2*GEO_PAR_HALF_BOXSIZE_CLOUD

“coastal pixel” means that a land pixel has been detected in a 20*20 pixel box in the
full IR resolution image.

In other words the calculated SST must be warmer than the minimum climatology by 1 K
near a cloud in the open ocean, whereas it can be colder by 2 K far from a cloud in the
coastal area.

The “close to a cloud” and “coastal pixel” criteria are given in the quality index (appendix A).
SST CALCULATIONS:

SST are derived every hour from the 11 and 12 micron brightness temperatures (T11 and
T12) for MSG and from T11 and T39 for GOES-12 by night only (see a description of the
algorithms in section 2 above). For GOES-8 distinct daytime and nighttime algorithms were
used; this corresponds to the nominal situation.

The daytime algorithm is applied for sun zenith angles below
GEO_PAR_ZENSOL_DAY_MAX and nighttime  algorithms for angles over
GEO_PAR_ZENSOL_NIGHT_MIN (the values of these parameters are shown in the
configuration file, see appendix E). For sun zenith angles having intermediate values, SSTs
are calculated with both algorithms and the retained value is the mean value of the 2
previous SSTs, weighted by the distance of the sun zenith angle to the two limits.

The GOES-East and MSG IR measurements show radiometric noise (typically between 0.1
and 0.2 K) that may be amplified by the SST retrieval algorithms. To reduce this noise, the
channel combination used as atmospheric correction in the calculation algorithm is smoothed
over a large box. The size of this box is determined by the
GEO_PAR_HALF_BOXSIZEPIX_SMOOTH and GEO_PAR_HALF_BOXSIZELIN_SMOOTH
parameters given in the configuration file. These dimensions have been determined
empirically. The channel combination concerned is the T11-T12 difference. This smoothing
must be applied to carefully cloud screened data, the risk being to extend the cloud
contaminated atmospheric correction values. Two SST calculations are thus made:

%



1) preliminary calculations without any smoothing for the comparison with the minimum
climatology .
2) final calculations including smoothing after the cloud mask control is completed.

A quality index is calculated at the hourly level, which includes confidence levels and
information concerning the processing conditions (see section 4.3.2).

ATLAS

Land-sea-coast: contains land, sea and lake occurrences and the percentage of coverage
by land. It has been derived from the World Vector Shoreline, which includes sea and lake
coastlines, accessed through the freeware Global Mapping Tool.

The atlas includes 3 types of pixels: “land” = only land, “sea” = sea or lake, “coast” = mixed,
i.e. land and (sea or lake). SST calculations are done over the “sea” pixels, all other pixels
are considered as land, for instance when vicinity to land is determined.

SST: A fine scale (about 9 km) climatology of minimum temperatures has been derived at
CMS from the Pathfinder archive (AVHRR data from 1985 till 1995, see Faugére et al, 2001).
This climatology has been made on 10 day basis and includes minimum and mean values
re-mapped over the GOES or MSG disk at full IR resolution. Minimum values are used in the
cloud masking, mean values are used in the daytime non linear algorithms

3.3. 3-hourly and 12-hourly calculations

The 2 following paragraphs represent the nominal calculations that are applied at present to
GOES-East and MSG data.
TIME AVERAGING:

The 3h or 12h SST mono-satellite fields are calculated from several mono-satellite primary
satellite fields without any re-mapping. Only the fields having an overall quality flag equal to O
or 1 are used in this process. When averaging primary SSTs at a given point, only data
having the same confidence level are averaged. This confidence level is the best present in
the time series. The 3-hourly SST fields are nominally centered on 0100, 0400, 0700, 1000,
1300, 1600, 1900, 2200 h UTC. The 0100 centered 3-hourly SSTs are calculated by
averaging primary SST values at 0000,0100 and 0200 h UTC, etc...

The 12-hourly SST fields are centered on 0000 and 1200 h UTC. The 0000 and 1200
h UTC centered field are obtained by averaging all hourly data between 1800 h UTC the
previous day and 0500 h UTC and 0600 and 1700 h UTC, respectively.

Because of potential failures of the cloud mask, sun glint cases are excluded, except
if they are present in every primary SST field. The type of algorithm is not considered any
more, since the 3h or 12h SST may be derived from day and night hourly SSTs.

Similarly to the SST fields, a time field is calculated by averaging the times of all
primary SSTs effectively used to calculate the final SST value.

RE-MAPPING:

The LML grid is a linear scaling in latitude and longitude with a 0.1-degree resolution.
The re-mapping from the IR satellite image to LML grid is made as follows: to each LML pixel
is associated a set of IR pixels, weighted accordingly to their contribution to the coverage of
the LML pixel. So the value of LML pixel will be the weighted average of several IR pixel
values, this definition being straightforward for all quantitative parameters and more
complicate for qualitative parameters like cloud type, for instance.



When re-mapping the fine resolution SST field to a LML or 10 km SST field, the same
averaging rule used in time averaging (see above) is applied: only the pixels with the best
confidence level are considered to obtain the parameters of the output pixel. Their SSTs are
averaged, their confidence level is that of the output SST and the resulting coverage of the
output pixel is also calculated. This coverage, coded on 4 levels, is provided in the quality
index. An indication on the occurrence of sun-glint, sea ice or aerosol is also provided.

NB: geostationary satellite data are not used at satellite zenith angles larger than
GEO_PAR_ZENSAT_MAX A value of 75 degrees (MSG or GOES-East satellite zenith angle
at 37.5 W and 60N) has been chosen for this parameter so that no gap is left between
GOES-East and MSG between 60N and 60S

3.4. Data merging

The GOES and MSG 3-hourly and 12-hourly SSTs are merged into a LML product and
finally, the 12-hourly LML and HL products are merged into the final MAP product. In
common areas, the choice between two satellite values mainly depends on the quality
indexes of the mono-satellite products (best confidence level and, if possible, no sun glint).
The objective is to choose the best confidence level and to eliminate, as much as possible,
satellite zenith angles higher than a limit value, sun glint and aerosol cases.

The principles of the merging of two geostationary satellite data have been defined as
follows:

The maximum (GEO_PAR_ZENSAT MAX ) satellite zenith angle rule defines an
overlapping area where this rule is satisfied for both satellites. Inside this area two sub-areas
have been defined:

- a large satellite zenith angle area where q¢  ?q q ?q
- q < I, @n this area GOES is chosen west of 37.5W and MSG east of
37.5W

- a small zenith angle area where both satellites zenith angles are below q

In this area the best confidence level is chosen. If the confidence levels are equal sun
glint or aerosol cases are excluded, if possible, then, GOES is chosen west of 37.5W
and MSG east of 37.5W

The HL-NOAA SST are then re-mapped onto the MAP grid for latitudes pole wards of 50N. In
case of conflict with SSTs of other origins the best confidence level is kept, in case of equal
confidence level the HL SST is retained.

For each reliable pair, i.e when two collocated SSTs of distinct origins have a confidence
level above or equal to MRG_PAR_NOTE_MIN (at present: excellent) and for which the time
difference is smaller than MRG_PAR_TIME_DIF_MAX (at present : 3h) statistics are made
that register the number of cases concerned, the mean value of each field, the standard
deviation of the differences. Those statistics are recorded in the global information file
(appendix C) or the HDF file attributes (appendix D).

3.5. Validation



Match up data bases (MDB) gathering in situ (buoy) measurements and satellite estimates
have been built on a routine basis for each satellite and processing center. The validation
tool that has been established so far enables only the validation of “instantaneous” (i.e.
hourly) satellite estimates. The way of quantifying the accuracy of time averaged calculations
(over 3 or 12 hours) has not been yet investigated.

The NAR and HL MDBs have been described in the corresponding product manual, this text
describes the validation tool that has been implemented to control the geostationary satellite
derived SSTs.

The GOES-8, GOES-12 and MSG MDBs have been built at CMS on a routine basis
according to the following rules:

In situ data (buoy measurements) are collected daily through the GTS. The corresponding
satellite data are collected in 5*5 pixel (IR resolution) box centered on the buoy location
providing the cloud coverage of the box is below 60%. These data include the SST
calculated in the preoperational scheme and the brightness temperatures or reflectances of
the imager channels averaged over the cloud-free pixels of the validation box. The matchup
time window is half an hour.

To avoid dubious measurements, only buoy temperatures within 2 K from the local (fine
scale) climatologic values are used in the comparisons.

Two types of validation cases have been identified: The “all data” cases present in the
“broad” validation sets and the “low-cloud” data constituting the “limited” validation sets with a
cloud coverage of the box below 10% and a standard deviation of T11 below 0.4 K. The all
data results are representative of the raw accuracy of the products (including potential
problems in the vicinity of the cloud mask) and the cloud-free results are more representative
of the algorithm performances.

Every month statistics are produced automatically and are available on the O&SI SAF web
site http://www.osi-saf.org either under the form of graphs, and in a numerical file (content
described in appendix F).

3.6. Quality control

The quality of the delivered products is controlled through a visual examination of the
products and the automatic production of control parameters.

The examination of the products is done on a weekly basis at CMS by an expert. Specific
tools have been developed to help this analysis (Brisson et al, 2000).

For each product and for every confidence level on the 6 value scale (see 4.3.2) the number
of pixels showing this confidence level is calculated. . For every confidence level, a rate is
calculated by dividing this number by the number of sea pixels of the zone. Those statistics
are recorded in the global information file (appendix C) or the HDF file attributes (appendix
D).

A compiled information file is made for each product (3-hourly SST or 12-hourly SST). The
content of the file is identical whatever the product and results from a compilation of all the
Global Information files concerning this product. From these files, various graphs are
produced to visually display the confidence level rates of any product and their evolution with
time, some of these graphs are available on the web site http://www.osi-saf.org.
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4. Data description
4.1. Overview

Data users have access to the following categories of data

For each 3-hourly LML product or 12-hourly MAP product:

a SST field,

a time field

a quality index field,
These fields are coded in GRIB or HDF format. Each GRIB file is associated to a so called
“global information file” presenting information relevant to the whole field. For HDF files, this
information is in the HDF attributes.

For each satellite (GOES, MSG or NOAA):
A configuration file providing the current and past processing information.

For each type of product (i.e. 3-hourly LML or 12-hourly MAP)
A validation statistic report, containing monthly results available since the beginning
of the processing (statistic reports may be available separately for each satellite).
A compiled global information file, i.e. concatenated individual global information files.

This section includes the definition of the fields (sections 4.2 and 4.3), a description of the
formats used and the names of the products (section 4.4.); sections 4.5 and 4.6 describe the
processing and the validation information, respectively. Additional information can be found
in Appendix A to G.

4.2. SST products

4.2.1. Common characteristics

Physical definition

subskin SST : Comparable to in situ (buoy) measurements at night.

Relation to bulk SST: equivalent to bulk SST by night. By day, a bias of several Kelvin may
be found under favorable diurnal heating conditions, the mean day-night bias derived from
the MDB statistics over one year between 20 S and 70N is about 0.3K.

Relation to skin SST: By day and by night the subskin SST is convertible to skin temperature
by subtracting 0. 2K.

Units and range

Units : CentiKelvins

When using GRIB format, a scaling factor of 100 must be applied.

No lower limit is imposed on the SST calculations, providing the sea is ice free. The expected
range is thus from about —3C till 35C, corresponding to actual values of 27000 to 30800.
Unprocessed data (for whatever reason) show a negative value (-32768) in HDF format, or is
flagged as missing in GRIB section 3.

4.2.2. LML characteristics
Origin



SST calculated from the IR channels of MSG and GOES-East at full resolution on a hourly
basis. Remapping is made by space averaging, the production of the 3-hourly data is made
by averaging over time the SSTs having the best confidence level. Data from distinct
satellites are not averaged together (see also section 3 of this text).

Geographical definition

Projection:  linear scaling in latitude and longitude
Resolution: 0.1 degree in latitude and longitude
Size: 1451 columns, 1201 lines

Longitudes and latitude limits : 100W, 45E, 60N, 60S

Conversion of the pixel coordinates into the latitude and longitude of the pixel center:
Longitude =-100. + 0.1 (column - 1)
Latitude 60. - 0.1 (line - 1)

4.2.3. MAP characteristics
Origin
SST calculated from the IR channels of MSG and GOES-East at full resolution on a hourly
basis similarly to the 3-hourly products, but averaged over 12 h. SSTs derived from NOAA
AVHRR data acquired and processed in Oslo (met.no) have been averaged over time in the
same way and merged with the geostationary satellite derived SSTs to insure the coverage
of the Atlantic North of 60N.

Geographical definition

Projection:  linear scaling in latitude and longitude
Resolution: 0.1 degree in latitude and longitude
Size: 1451 columns, 1500 lines

Longitudes and latitude limits : 100W, 45E, 89.9N, 60S

Conversion of the pixel coordinates into the latitude and longitude of the pixel center:
Longitude =-100. + 0.1 (column - 1)
Latitude 89.9 - 0.1 (line - 1)

4.3. Associated fields

4.3.1. Time
Definition
The mean time of the calculated SST expressed not in UTC but as a difference from the
reference time of the field.

Origin

The production of the 3-hourly and 12-hourly data is made by averaging over time the SSTs
having the best confidence level. To each used SST value is associated a time, which is
averaged in the same way as the SST to produce a mean time value.

Geographical definition
Same as that of the main product (see the preceding section)

Units and range

Unit : minutes after or before the product reference time provided in the header of the files
(see section 4.4 below). The reference times are the nominal mean time of the product. For
the 3-hourly SST fields the reference times are: 0100, 0400, 0700, 1000, 1300, 1600, 1900,
2200 h UTC and the normal time range is +/- 90 minutes. For the 12-hourly SST fields the
reference times are 0000 and 1200 h UTC with a range of +/- 360 minutes.

Some time values may lie slightly outside the nominal range, due to the data acquisition
starting a few minutes before the round hours.



4.3.2. Quality indexes

Each SST field (primary, hourly, 3-hourly or 12-hourly, mono or multi-satellite) is associated
with a quality index field, coded in 16-bit words. This index includes a confidence level
corresponding to the quality of the calculated SST and information on the processing
conditions, which may have some interest to the user, the O&SI SAF team or both.

The confidence level scale is the same for all SST and radiative fluxes products. The pixels
where the calculation has been attempted are labeled on a five level scale: 5 = “excellent”,
4= "good”, 3="acceptable”, 2="bad”, 1="erroneous”, whereas the pixels where the calculation
has not been attempted for normal reasons (out of the processed area, night for SSI, land for
SST) have a distinct confidence level O="unprocessed”. The “erroneous” confidence level
may be attributed to a parameter missing due to a failure of the algorithm or present but with
a very low level of confidence. This section explains the information included in the SST
quality indexes, but not the coding of the 16-bit word, which is described in Appendix A.

The primary SST quality index is calculated in IR resolution and on a hourly basis (see
section 3). It corresponds to un-distributed data, but is presented here since it directly
contributes to the 3-hourly and 12-hourly indexes. It includes confidence levels defined as
follows:

Excellent: no flagged cloud nearby and calculated SST reasonably
above the climatic minimum.

Good: close to the minimum climatologic value:
SST < SSTmini + GEO_PAR_THRESHOLD_QUAL_CLIM
Acceptable: close to a cloudy pixel : there is at least 1 cloudy pixel in a

n pixel * n pixel box centered on the processed pixel. (n=1+2*
GEO_PAR_HALF_BOXSIZE_QUAL_CLOUD)
Bad: close to the minimum climatic value and close to a cloudy pixel
Erroneous: cloud or ice
Unprocessed: out of area, land

The values of GEO_PAR_THRESHOLD_QUAL_CLIM and
GEO_PAR_HALF_BOXSIZE_QUAL_CLOUD can be found in the processing configuration
file (appendix E).

The primary SST quality index records the sunglint cases (for which SST values are
calculated) and the sea ice or aerosols cases (for which SST values are not calculated). It
also records information on the processing conditions and cloud cover identification. See
appendix A for a full description of this quality index content.

3-hourly and 12-hourly data are calculated by averaging primary SSTs over time and over
space. This process defines a set of IR pixels that may contribute to the final value. The
averaging is done for pixels showing the best quality index. This quality index is that of the 3-
h or 12-h product. The coverage of the pixels contributing to the final value is recorded as a
percentage of potential total pixels. The presence of sunglint or sea ice or aerosol cases in
the original set of pixels also recorded.

4.4. File formats

The products are available under the WMO GRIB format for those delivered through the
Regional Meteorological Data Communication Network (RMDCN) and Météo-France ftp



server, under NetCDF and HDF formats for the products delivered through the IFREMER
server.

A complete description of the GRIB format can be found in WMO publication No 306, Manual
on Codes. A few parameters are encoded in the GRIB header. The header sections of the
GRIB files, specific to the O&SI SAF products, are described in the appendix B.

A GRIB encoding and decoding software is maintained and distributed by the European
Center for Medium range Weather Forecast (ECMWEF). All information about the software
and its ordering is available from ECMWF website http://www.ecmwf.int/ (Home > Products >
Data Services > Software > GRIB). Requests for software should be addressed to:

Data Services

ECMWF

Shinfield Park

Reading

RG2 9AX

UNITED KINGDOM
Fax : +44 118 986 9450

E-mail : Data.Services@ecmwif.int

A so-called *“global information file” has been created to palliate the inability of the GRIB
header to store all the necessary information. This text file is fully described in Appendix D. A
global information file is associated to every GRIB file. The user may note that each SST
time and quality index field have a global information file, containing duplicated information.

The HDF format is a public format, which is not described here. The HDF attributes have
been used to store all the necessary information, which are the GRIB header or in the
information file. Appendix D describes the HDF attributes defined for the SSI, DLI and SST
data.

A C program to read HDF format is also available under the IFREMER server
ftp://ftp.ifremer.fr/publ/ifremer/cersat/SAFOSI/Tools. Instructions to install this program are
provided in appendix G.

The user can also find other free software that read HDF-EOS files at the following address :
http://hdfeos.gsfc.nasa.gov/hdfeos/softwarelist.cfm

The file name convention for the MAP and LML SST products disseminated via
EUMETCAST are in appendix H.

4.5. Configuration file

The information relative to the processing conditions is given in the configuration file. It
contains an identification of the algorithm formalism and a set of parameters, used in the



processing scheme (most of them have been presented in section 2, 3 and 4.3). The
configuration file is satellite dependent.

The configuration file is an ASCII file, which is read by the programs of the processing chain.
It records all the consecutive versions with the dates of the change in the header of the file.
Comments are also added in the parameter section. It should be managed with a version
tool. The version number is at present manually updated in the auxiliary data. Appendix E
shows an example of Atlantic SST configuration file, relative to MSG processing scheme.

4.6. Validation results

The O&SI SAF SST accuracy is monitored at the hourly level through statistics applied on a
matchup data base (MDB) which is build in real time according to the principles briefly
reviewed in section 3. The MDB itself is available on request. The monthly statistics results
are displayed under a graphic form (see an example on figure 2) on the website
http://www.osi-saf.org. They are also available in a text file whose content is given in
appendix F.

Statistics covering 3 month period are presented in the Quarterly Reports, and Validation
Reports on long term series are also produced. Both kinds of reports are available on the
Web Site.
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Figure 2: Monthly validation results for nighttime derived GOES-12 derived SST. The subset
considered is the limited subset, including validation boxes with a 10% maximum cloud
coverage.

GOES-8 results have been described in details in Brisson et al 2002 (referenced in § 2.5).
GOES-12 results are available on the O&SI SAF website (see figure 2)

MSG results are also available on the O&SI SAF website. The MSG algorithm described in
table 4 has been extensively validated during the testing phase before the MSG chain
became operational. The results of these validation are presented in table 5.

night day
Number of | Bias Standard Number of|Bias Standard
cases deviation cases deviation
Filtered 3334 -0.06 0.48 5585 -0.02 0.47
cases
All cases 7432 -0.13 0.53 10738 -0.08 0.50

%



Table 5: Validation of the MSG algorithm from 26/03/04 till 01/06/04.

4.7. Quality control results

The processing conditions are evaluated through the calculations of confidence levels
(described in appendix A) made in real time in the processing chain. The automatic quality
control calculates the confidence level distribution, stores the results in the global information
file of the field (described in Appendix C) and concatenates these files into a compiled global
e compiled file is specific to to each type of product (3-h or 12-h SST fields

information file. Th

or any intermediate product) and starts at the beginning of the processing.

The distribution of

the confidence level for each hourly field of the last past month is available
under graphic form on the web site http://www.osi-saf.org (see an example on figure 3). The

compiled global information file is also available on the web site.
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Figure 3: Distribution of the 12-hourly MAP SST confidence levels in June 2004. “erroneous”
represents cloudiness and “unprocessed” represents the MAP areas that remain empty after
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4.8. 0O&SI SAF website

An O&SI SAF website www.osi-saf.org has been implemented in early 2004 to provide
general information on the O&SI SAF, detailed information on the O&SI SAF products and
their quality, as well as near real-time access to O&SI SAF products quick-looks and files.

This section provides some additional information about the general organization of the site,
focusing on the way to access quick-looks and other relevant information concerning ATL
SST product.

The status of the LML and MAP SST production is indicated in the table on the right side of
the home page.

From the home page the user can get access to :

- the ATL SST products presentation by selecting in the left-hand side column “Products
presentation”, and then “Atlantic Sea Surface Temperature”.

- LML and MAP SST products configuration, by selecting Products Configuration.

- ATL SST quality results, by selecting in the left-hand side column “Production centers WEB
sites “, and then in the table “Centre de meteorologie Spatiale de Meteo-France” , in section
“ATL”", by selecting “validation”

- ATL SST images, by selecting in the left-hand side column “Production centers WEB sites “
, and then by selecting “images” in the table “Centre de meteorology Spatiale de Meteo-
France” : in section “Low and Mid Latitude Atlantic (LML)
Merged Atlantic Product (MAP)”. From this entry page, the user has to select the product
type (3-hourly or 12-hourly) and the area, then to press the “Load” button to display the last
corresponding quick-look.

Figure 4 shows the O&SI SAF website entry page for the Atlantic SST products images.



Figure 4: entry page of the O&SI SAF website for the Atlantic SST products images and
documentation.

From this entry page, the user has to select a product type (3-hourly or 12-hourly) and a
geographical area, using the two selection boxes in the bottom, then to press the “Load”
button to display the last corresponding quick-look. For the Atlantic SST products, the
geographical sub-areas are proposed for quick-looks display only, but the products files
cover the whole Atlantic area (LML or MAP).



ADDENDUM A: Calculation of a Saharan Dust Correction

ADD.A.1 Introduction

Saharan dust is a mineral aerosol which is lifted from the Saharan desert and transported by
the wind over the oceans. Large Saharan dust clouds can be found in the Atlantic between O
and 40N and in the Mediterranean or the Red sea, particularly during the boreal summers.
Saharan dust affects the SEVIRI Infrared Brightness Temperatures and thus may cause
biases of several kelvins in the retrieved Sea Surface Temperature (SST). Techniques
based on the use of visible imagery can be used at daytime to detect Saharan dust (see for
instance Thieleux et al, 2005). Nighttime SSTs have the advantage of not being affected by
diurnal warming and thus are more representative of the “foundation SST” (below the diurnal
thermocline) that is requested by the majority of our users. In consequence we needed a
method that would be directly usable on nighttime data to flag or correct the nighttime SST
calculations.
A Visiting Scientist proposal has been issued in spring 2005 on this subject. The present
method results from the work done in the frame of this visiting scientist activity: see Merchant
et al. 2006A & 2006B and Embury et al 2006.
The method has been implemented in the operational SST chain in spring 2006 and is fully
operational since April 25", 2006. It includes two steps:

calculation of a Saharan dust index

derivation of a SST correction term,
which are briefly described here below

References:

Embury O., C.Merchant and P.Le Borgne , 2006, Detection of Saharan dust in night-
time SEVIRI imagery, proceeding of the 2006 EUMETSAT user’'s meeting, Helsinki,
Finland.

Merchant, C., O. Embury, P. Le Borgne and B. Bellec, 2006A, Saharan dust in night-
time thermal imagery: detection and correction of related biases in retrieved sea
surface temperature, OSI-SAF visiting scientist report vs_0603.

Merchant, C., O. Embury, P. Le Borgne and B. Bellec, 2006B, Saharan dust in night-
time thermal imagery: detection and reduction of related biases in retrieved sea
surface temperature, Remote Sensing of Environment, 104, 15-30.

Thieleux F., C.Moulin, F.M. Bréon, F. Maignan, J. Poitou, and D. Tanré, 2005,
Remote sensing of aerosols over the oceans using MSG/SEVIRI imagery, Annales
Geophysicae, 23, 1-8.



ADD.A.2 Calculation of a Saharan dust index

Figure Add.1 Iillustrates the potential effect of dust on the SEVIRI window IR
brightness temperatures. This effect has two consequences: i) the split window
algorithms are particularly vulnerable to the Saharan Dust; ii) it is possible to
characterize this effect through a combination of brightness temperatures.

(b

Change inBT MK
Changzs inBT /K

oo oz 0.4 0.6 o2 12 oo oz 04 0.6 0.2 10
10 um ACD 1opm ADD

Figure Add.1 (from Merchant et al. 2006A): Mean (lines) and 1- range (shading) of
change in BT versus AOD assuming a layer of aerosol evenly distributed between 2
and 3 km altitude (Haywood optical properties)

In practice, an operational Saharan dust index (SDI) has been defined as a simplified
version of the full three-dimensional equation described in Merchant et al 2006A. The
use of T3.9-T12 does not bring much information, as observed on figure Add.1
above.

The equation in use is :

SDI=a (T3.9-T8.7) - b (T11-T12) + g 3)
In the practical case of METEOSAT-8 :
a=0.532 ; b=0.847 ; g=1.465

The SDI is calculated in nighttime conditions only, due to the use of T39 in (3).
Applying equation (3) in the nighttime part of the SEVIRI disk and in cloudfree
conditions allows the calculation of “primary” SDI. Primary SDI fields are smoothed
in a 7x7 pixel box to reduce the noise level. A compositing technique using the most
recent value over the last 24h allows to provide SDI values that are usable by day
also. Figure Add.2 gives an example of the primary and composite hourly SDI fields.
As shown on this figure, compositing does not guarantee a full coverage of the disk.
SDI have been considered, so far, as internal to the Atlantic SST chain (i.e. not
delivered).
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Figure Add.2: Saharan Dust Index (SDI) on the 6™ of October 2006: left: primary field
at 0000 UTC,; right: composite field at 1200 UTC.

ADD.A.3 Derivation of a correction term
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Figure Add.3. Distribution of the errors of the operational split window algorithm as a
function of SDI. One year MDB: 27756 nighttime cases. In red, the quadratic function
adjusted to the bias.

The CMS MDB results have shown a good correlation between the sdi values and
the biases observed when applying the operational split window algorithm (see figure

Add.3). A correction term under the form of a quadratic function of SDI has been

defined as:



F(sdi) = A sdi’+ B sdi+ D (4)
In the practical case of METEOSAT-8 and for the operational split window algorithm:
A=0.685140 ; B=1.10179 ; D=0.200

Figure Add.3 shows the correction that has been derived on the 6™ of October 2006
from the composite field at 1200 UTC.

TIME : 06—-0CT—2006 12:00 DATA SET: sdi_osst_20061006_1200
55T alteration derived from Saoharan Dust Index

T T T T T T
S00 1500 2500 3500
4

sea surface temperature correction derived from =di {K)

Figure Add.4: SDI correction for the split window algorithm on the 6™ of October 2006
at 1200 UTC.

ADD.A.4 Practical application

In practice the SDI is calculated where this information is meaningful, i.e. between
40S and 50N.
When a SDI value is present, applying or not the correction term is a function of the:
the age of the SDI information
the value of the SDI
The alterations to the original SST fields can then be :
- Masking the SST. This happens when the SDI is so high that a
correction may be hazardous.
Assigning the confidence level to a lower quality value. It is the case
when the SDI information is too old
Applying the correction (normal situation)

Table Add.1 describe the decision taking mechanism when a SDI value is present, in
function of its age and its value.



At the time of implementing the chain: Dtime_lim= 6 hours, sdi_min =-0.2, sdi_
crit=0.8 and sdi_max=2. The lower quality value assigned in case of problem is 2
(=bad, see chapter 4.3.2). These parameters, as well as the other parameters
governing the application of the SDI calculation and correction may be updated; they
are included in an XML parameter file distinct from general Atlantic SST configuration
file. See an example of such a parameter file below.

age dtime_lim
alteration sdi min  sdi_crit sdi_max
mask no no no YES
lower quality no no YES
correction no YES YES

age > dtime_lim
alteration sdi min  sdi_crit sdi_max
mask no no no YES
lower quality no YES YES
correction no YES YES

Table Add.1: Alteration decisions taken as a function of circumstances when a SDI
value is present

In case a correction must be applied the correction term is given by :
cor= f(sdi)—f(sdi_min) 5),

where f is given by equation (4) to insure a smooth transition from cases when a
correction is not applied (sdi< sdi_min).

The SDI may be missing (for instance due to persisting cloudiness or out of the
calculation limits), in such cases, decisions are taken according to the missing
reason of the SDI, as described by table Add.2.

! n + n + ! .
"

T C ) D D D

Table Add.2: Alteration decisions taken as a function of circumstances when a SDI
value is absent.



Example of SDI parameter file:

<?xm version="1.0" encodi ng="US-ASCI | " standal one="yes" ?>
<!-- Paranetres de |'application sdi -->

<paraneters version="1.3">

<primary>
<lat_mn units="degrees_north">-40</lat_m n>
<l at_max units="degrees_north">50</I| at_nmax>

<satzen_max units="degrees">75</sat zen_max>

<ni ght _sol zen_m n uni ts="degr ees">100</ ni ght _sol zen_ni n>
<day_sol zen_nax uni ts="degr ees">90</ day_sol zen_nmax>

<snoot hi ng>
<wi dth units="pixel s">7</wi dt h>
<hei ght uni t s="pi xel s">7</ hei ght >
</ snoot hi ng>

<al gorithmtype="night" use="yes">
<l-- sdi = al pha*(T039-T087) + beta*(T108-T120) +
gamma* ( T039-T120) + delta -->
<al pha>0. 532</ al pha>
<bet a>- 0. 847</ bet a>
<ganmma>0. </ ganmma>
<del t a>1. 465</ del t a>
</al gorithnp

<al gorithmtype="day" use="no">
</ al gorithnpe

</ primry>

<conposi te>
<dtime_nmax units="m nutes">1440</dti me_nax>

</ conposi te>

<asst >

<dtinme_|imunits="m">360</dtine_|inp,

<al gorithmtype="night" use="yes">
<a>0. 685140</ a>
<b>1.10179</ b>
<c>0. 200</ c>
<sdi _m n>-0.20858</sdi _m n>
<sdi _crit>0.8</sdi_crit>
<sdi _max>2. </ sdi _max>
</al gorithnp

<al gorithmtype="day" use="no">
<dunmmy>0. </ dunmy>
</ al gorithme

</ asst >

<qui ckl ooks>
<mtinme units="days">15</mi nme>
</ qui ckl ooks>

</ par anet er s>



APPENDIX A: Quality index content

Primary SST quality index
bit signification
0-2 |Confidence level
5 = excellent, 4 = good, 3 =acceptable, 2 = bad, 1 = erroneous, 0 = unprocessed

excellent: no problem

good: close to the minimum climatologic value

acceptable: close to a cloudy pixel

bad: close to the minimum climatologic value and close to a cloud
erroneous:  no cloud classification or failure in SST calculations
unprocessed: out of area, land, no satellite data

3 -4 |Satellite code
0=GOES, 1=Meteosat (MTP or MSG), 2 = Polar (NOAA or EPS), 3=unused
sunglint case*
seaice case *  (if bit 6=1, then bit 15=1 and bit 9 = 1)
aerosol case (if bit 7=1, then bit 15=1 and bit 10 = 1)
coastal area* (determines the value of the thresholds used to filter the SSTs
with the minimum climatologic fields). “Coastal pixel” means that a land pixel has
been detected in a n*n pixel box centered on the processed pixel.
9-14 | bit 15 dependant

15 |no SST value*

O |N|o |01

If bit 15=0

bit signification

9 daytime algorithm*

10 | nighttime algorithm* (bits 9 and 10 may be both equal to 1: day-night transition)
11-14 | number of hourly SST values used (1 in the primary SST case)

Ifbit15=1
bit signification
9 sea ice case*

10 |cloud case*

11-12 |cloud detection origin

0: SAFNWC cloud mask

1: time variability

2: SST climatology

13 | no satellite data*

14 | out of the processed area*

E +- ! <

The table concerns the primary SSTs which are not distributed. The information on the
sunglint occurrence, the presence of sea ice or aerosols are derived from the NWC SAF
cloud classification.

#%



3-h or 12-h SST quality index

bit signification
0-2 |Confidence level
5 = excellent, 4 = good, 3 =acceptable, 2 = bad, 1 = erroneous, 0 = unprocessed
They correspond to the best confidence level primary SSTs used to compute the
3-h or 12-h averages (primary SSTs having distinct confidence levels are not
averaged together).
3 -4 |Satellite code
0=GOES, 1=Meteosat (MTP or MSG), 2 = Polar (NOAA or EPS), 3=unused
5 sunglint presence (in at least one of the primary pixel used )
6 sea ice presence (in at least one of the primary pixel ,not used, of the
original set)
7 aerosol case ( ! )
8 coastal area (determines the value of the thresholds used with the
climatologic fields)
9-14 | bit 15 dependant
15 |no SST value
If bit15=0
bit signification
9-10 mean coverage of the pixel, i. e. average of the coverages of the primary SST
used to calculate the 3-h or 12-h SST
Coded on 4 levels: 0:]0,25%] 1 :]25%,50%] 2 :]50%,75%)] 3 :]75%,100%]
11-14 |number of primary SST values used to calculate the 3-h or 12-h SST
Goes or Meteosat: 1to 12
If bit15=1
bit signification
9 all pixels were ice covered
10 all pixels were cloudy
11 satellite zenith angle > 75degrees (geostationary satellites)
12 unused
13 no satellite data
14 Out of the processed area




APPENDIX B: Limited description of the GRIB file header

The header sections of the GRIB files, specific to the O&SI SAF products, are given in the
following table. The parameter names or values with a star * refer to the GRIB manual, in
WMO publication No 306 - Manual on Codes. The table below is consistent with the KSEC1
content description in this manual.

element | content value
ksecl*
1 version number 3
2 centre identifier 211 for Lannion
3 process identifier 229 for Lannion
4 grid definition 255 (grid defined in section 2)
5 flag section 2 and 3 128* for the quality index fields
192* for the other fields
6 parameter 11* for sst
115 for dli
116 for ssi
210 for sst quality index
211 for sst time
215 for dli quality index
216 for ssi quality index
7 type of level 102* sst and sst time
1* others
8 level 0*
10-14 and |reference time
21
15 time unit indicator 1* for 3-hourly and 12-hourly products
2* for daily products
16 p1* 0
17 p2* 0
18 time range indicator 0
19 number of products included | number of hourly fields (or orbits) actually included
in the product
20 number of products missing | number of missing hourly fields (or orbits)
23 decimal scale factor 0*
24 local use flag 0* (no local use)
ksec3*
1 bitmap flag 1* for the quality index field

O* for the other fields




APPENDIX C: Description of the global information file

A global information file is associated to each SST, SSI and DLI GRIB file, including
information that were not compatible with GRIB format. The file is an ASCII file where the
separator between each field is the blank character.

Example:

sst12 map 2001-03-27 1200 2001-03-27 0600011041 3131717000 0 230 28551
28531 50 0 -99999 -99999 -99999 000 00 0 0 0 0 -99999 -99999 -99999 goes08 noaals
noaal6 //gl.0pl.1 n1.0p2.1 h1.0p1.0//

field name

purpose

product_name

coded product name:
product acronym: sst, ssi or dli
prefixed by q for a quality index, t for a time
suffixed by the time resolution in hours: 1, 3, 12 or 24

grid_id grid identifier: hl, Iml, map
mocc, mori, horv, cana, gasc, mnor (NAR SST only)

ref date reference date and time of the product in UT
ref_time the reference time is a nominal mean instant

format : YYYY-MM-DD (date) and HHMN (time)
start_date date and time in UT of the first satellite data, used in the product
start_time format : YYYY-MM-DD (date) and HHMN (time)
slot orbit or slot number when the product is derived from a unique

satellite orbit or slot, 0 otherwise

global_quality_flag

overall confidence level:
O normal 1 suspect 2 extremely suspect
interactively assigned in the processing scheme

nb_hourly_field

number of hourly fields (or orbits) actually included in the product;
it may be lower than expected

IvIO_percent percentage of sea pixels with confidence level 0, 0 to 100
IvI1 percent percentage of sea pixels with confidence level 1, 0to 100
IvI2_percent percentage of sea pixels with confidence level 2, 0to 100
IvI3_percent percentage of sea pixels with confidence level 3, 0 to 100
Ivl4_percent percentage of sea pixels with confidence level 4, 0 to 100
IvI5 percent percentage of sea pixels with confidence level 5, 0to 100
ovil nb statistic on the GOES/MSG overlapping area :
ovll meanl ovll_nb is the number of comparison case
ovll mean2 ovll_meanl is the mean GOES value
ovll_sigma ovll_mean2 is the mean MSG value
ovll_sigma is the standard deviation of the difference
0 in these 4 fields means that no comparison has been attempted
due to the lack of GOES or MSG data
0 in the first field and —999 in the others means that no data were
comparable in the overlapping area
ovi2 nb
ovi2_meani statistic on the GOES/NAR overlapping area
ovl2_mean2
ovl2_sigma




ovi3_nb

ovl3_meanl

ovl3 mean2

ovI3_sigma

statistic on the GOES/HL overlapping area

ovld nb

ovl4 _meanl

ovl4 mean?2

ovl4_sigma

statistic on the MSG/NAR overlapping area

ovl5 nb

ovl5_meanl

ovl5 mean?2

ovl5_sigma

statistic on the MSG/HL overlapping area

ovlé_nb

ovl6_meanl

ovl6 mean?2

ovl6_sigma

statistic on the NAR/HL overlapping area

satid(5)

identifiers of the satellites, whose data are used in the product
the array dimension is 5, since a merged product cannot concern
more than 5 satellites

examples: noaal6, goes08, meteosat7, msgl

an empty field contains one / character

algorithm_version_id(5)

algorithm version identifiers (correspond to the satellite identifiers)
coded as : <a><x.y>p<z.t> with:
<a><x.y> algorithm version.
<a> processcode:g goes n nar h hl
<x.y> version number of this process
p<z.t> configuration file version
for instance: g2.0p1.3
an empty field contains one / character

Comments:

The reference time is a nominal value of the mean time of the product in UT:

NAR SST

hourly Atlantic SST
hourly SSI or DLI
3-hourly Atlantic SST
3-hourly SSI or DLI
12-hourly Atlantic SST
daily SSI or DLI

: 0500 and 1500 for NOAA-14
0200 and 1200 for NOAA-16
: 0100, 0200, 0300, ...., 2300
: 0030, 0130, 0230, ...., 2330
: 0100, 0400, 0700, 1000, 1300, 1600, 1900, 2200
: 0230, 0530, 0830, 1130, 1430, 1730, 2030, 2330
: 0000 and 1200
: 1200

The global quality flag is normally 0. It is equal to 1 or 2, when a problem is known by the
producer: for instance, bad quality of a channel critical for the product, GOES-8 hourly SST
filed close to the “midnight” calibration problem, ...

The parameters beginning by “ovl” are mainly for O&SI SAF internal validation. A merged
product contains one or more overlapping areas between two satellites, where some
statistics are calculated. 6 types of overlapping have been pre-defined to cover all situations
encountered on the SST, SSI and DLI products.

#3




APPENDIX D: Definition of the HDF attributes

attribute name type purpose
files attributes
HDF version_id char*8 HDF software version
HDF EOS version id |char*8 HDF-EQOS software version
grid attributes
product_name char*80 | product name (fully written)
ex: Sea Surface Temperature
product id char*12 | product identifier: sst, ssi or dli
producer id char*12 |producer identifier, i.e. M-F/DP/CMS
project id char*12 |project identifier, i.e. O&SI SAF
grid_id char*8 grid identifier:
hl, Iml, map
maocc, mori, norv, cana, gasc, mnor (NAR SST only)
lat min float32 minimum and maximum latitudes and longitudes
lon_min float32 over all pixels of the grid
lat max float32 in degrees, western longitudes being negative
lon_max float32
satellite_id char*8 [5] |identifiers of the satellites, whose data are used
the array dimension is 5, since a merged product cannot
concern more than 5 satellites
examples: noaal6, goes08, meteosat7, msgl
an empty field contains one / character
orbit_number uintl6 orbit or slot number when the product is derived from a
unique satellite orbit or slot, O otherwise
central_date char*8 reference date and time of the product in UT
central_time char*8 the reference time is a nominal mean instant
format : YYYYMMDD (date) and HHMN (time)
range start date char*8 date and time in UT of the first and last satellite data,
range_stop_date char*8 used in the product
format : YYYYMMDD (date) and HHMN (time)
overal_quality flag char*20 | overall confidence level:
normal , suspect or extremely suspect
interactively assigned in the processing scheme
nb_hourly_field unint16 number of hourly fields (or orbits) actually included in the
product; it may be lower than expected
quality level uintl6[6] |for the six confidence level values (0 to 5)
percentage of sea pixels having this value
compilation_method char*12 | compilation method: mean or integration
statistics on 6 overlapping areas between two satellites:
ovl nb uint16[6] number of comparison cases
ovl meanl uint16[6] product mean value using satellite 1
ovl_mean2 uint16[6] product mean value using satellite 2
ovl_sigma uint16[6] standard deviation of the difference




attribute name

type

purpose

algorithm_version_id

char*40

algorithm version identifiers
(correspond to satellite identifiers)
coded as : <a><x.y>p<z.t> with:
<a><x.y> algorithm version.
<a> processcode:g goes n nar h hl
<x.y> version number of this process
p<z.t>  configuration file version
for instance: g3.0p1.3

field attributes

long_name

char*12

coded product name:
product acronym: sst, ssi or dli
prefixed by q for a quality index, t for a time
suffixed by the time resolution in hours: 1, 3, 12 or 24

units

char*12

unit of the data
for instance: K, W/m? , minutes, none

valid_range

int16[2]

effective minimum and maximum values of the field

missing_value

int16

value used in case of missing data

scale_factor

float64

scale factor
value in unit = value in the file * scale factor

Comments:

The reference time is a nominal value of the mean time of the product in UT:
: 0500 and 1500 for NOAA-14
0200 and 1200 for NOAA-16
: 0100, 0200, 0300, ...., 2300
: 0030, 0130, 0230, ...., 2330
: 0100, 0400, 0700, 1000, 1300, 1600, 1900, 2200
: 0230, 0530, 0830, 1130, 1430, 1730, 2030, 2330

NAR SST

hourly Atlantic SST
hourly SSI or DLI
3-hourly Atlantic SST
3-hourly SSI or DLI

12-hourly Atlantic SST

daily SSI or DLI

: 0000 and 1200
1200

For LML and MAP grids, which are a regular scaling in latitude and longitude, the lat_max
and lon_min parameters can be used to convert the pixel column and line numbers into the
latitude and longitude of the pixel center by:

longitude =lon_min. + 0.1 (column—-1)
=lat_max - 0.1 (line-1)

latitude

The global quality flag is usually “normal”. It is “suspect” or “extremely _suspect”, when a
problem is known by the producer: for instance, bad quality of a channel critical for the
product, GOES-8 hourly SST field close to the “midnight” calibration problem, ...

The parameters beginning by “ovl” are mainly for O&SI| SAF internal validation. A merged
product contains one or more overlapping areas between two satellites, where some
statistics are calculated. The “ovI” array index corresponds to 6 pre-defined comparisons,
covering all situations encountered on the SST, SSI and DLI products:

1=GOES/MSG 2=GOES/NAR 3=GOES/HL 4=MSG/NAR 5=MSG/HL 6=NAR/HL




#
# two sections in this file :

# section 1 : Archi PEL nanagenent

# section 2 : Algorithns paraneters
#
#
#
#

When section 2 is nodified, ALL_PAR VERSI ON shoul d be increased

#
o
# History

# dat e version conment

# 08/ 04/2004 nml.0pl.0 initial version

#H------ Y =To2 Ao ] 1 T R T I

# max delivery time delay for sst products (in hours)
GEO _PAR DELI VERY_TI ME_DELAY=1

# on line sst fields duration in hours
GEO PAR _KEEP_ON LI NE _SST1=36

GEO PAR_KEEP_ON LI NE_SST3=36

GEO PAR KEEP_ON LI NE _SST12=36

MRG _PAR KEEP ON LI NE _SST3=48

MRG _PAR KEEP ON LI NE SST12=48

# on line control inages duration in days
ALL_PAR NB DAYS CONTROL_SST1=30

ALL_PAR NB DAYS CONTROL_SST3=30
ALL_PAR NB DAYS CONTROL_SST12=30

# on line quicklook imges duration in days
ALL_PAR NB_DAYS_ QUI CKLOOK=100

# on line graphe images duration in days
ALL_PAR_NB_DAYS_GRAPHE=400

# on line mdb file duration in days
CTL_PAR _NB_DAYS_MDB=400

# on line print file duration in days
CTL_PAR_NB_DAYS_PRI NT=400

# archive directory on the file server
ALL_PAR ARCHI VE DI R=/ cl i npr od/ saf o/ saf om nsg

#o----- SECLI ON 2 - - - - oo oo



# from 08/ 04/ 04
ALL PAR VERSI ON=n1. Opl. 0

export ALL_PAR _VERSI ON

#Sanpl e product definitions

ALL_PAR_FI RST_SAMPLE_I N_COWPI L1=4
ALL_PAR_FI RST_SAMPLE_I N_COWPI L3=12
ALL_PAR _FI RST_SAMPLE_| N_COWPI L12=24
ALL_PAR FI RST_NOM NAL_TI ME_I N_COWPI L1=0100
ALL_PAR FI RST_NOM NAL_TI ME_I N_COWPI L3=0400
ALL_PAR_FI RST_NOM NAL_TI ME_I N_COWPI L12=1200

GEO_PAR_VI EW SAT=nsg
export GEO_PAR_VI EW SAT

# threshold applied in the cloud mask WU al gorithm (in hundredth of
degrees)
GEO_PAR_THRESHOLD _WJ=- 50

# thresholds applied to elininate colder sst values (in hundredth of
degr ees)

# (if climsst > threshold then sst is rejected)

# when sst pixel is far froma cloud

GEO_PAR_THRESHOLD FAR=50

# when sst pixel is near a cloud

GEO_PAR_THRESHOLD NEAR=- 100

# when sst pixel is far froma cloud and near the coast
GEO_PAR_THRESHOLD COAST_FAR=200

# when sst pixel is near a cloud and near the coast
GEO_PAR_THRESHOLD COAST_NEAR=50

#size of box to decide if a pixel is near or far froma cloud
# until 17/08/01

#  CGEO_PAR HALF_BOXSI ZE _CLOUD=2

# from 17/08/01

GEO_PAR HALF BOXSI ZE_CLOUD=1

export GEO _PAR THRESHOLD FAR CGEO PAR THRESHOLD NEAR

export GEO_PAR_THRESHOLD COAST_FAR GEO PAR_THRESHOLD COAST_NEAR
export GEO PAR _HALF_BOXSI ZE_CLOUD

# threshold applied to calculate quality sst flag (in hundredth of degrees)
GEO_PAR _THRESHOLD QUAL_CLI ME150

# half distance to detect cloud proximty in quality sst flag cal culation
(in pixels)

# until 17/08/01

#  CEO_PAR HALF_BOXSI ZE_QUAL_CLOUD=3

# from 17/ 08/ 01

GEO_PAR_HALF_BOXSI ZE_QUAL_CLOUD=2

export GEO_PAR_THRESHOLD QUAL_CLI M GEO_PAR_HALF_BOXSI ZE_QUAL_CLOUD

# goes sst al gorithm parameters
GEO_PAR_ZENSCOL_DAY_MAX=90
GEO_PAR_ZENSOL_NI GHT_M N=110

# NLS algo : Ts = (AO+A1*S)*T11 + (BO+B1*S+B2*Tguess)*(T11-T12) + CO + C1*S
+ CORR



#
GEO_PAR_AO0_NLS=0

. 98826

GEO_PAR Al _NLS=0.
GEO_PAR_BO_NLS=0.

GEO_PAR B1_NLS=1
GEO_PAR _B2_NLS=0
GEO_PAR_C0_NLS=1

. 18116
. 07293
. 10718

GEO_PAR_Cl1_NLS=0.
GEO_PAR_CORR_NLS=0. 2

# DGN al go :
+ CORR

#
GEO_PAR_A0_DGN=-1. 16714
GEO_PAR_Al_DGN=-0. 28935
GEO_PAR _B0O_DGN=4. 57356
GEO _PAR B1_DGN=1. 34536
GEO_PAR_CO_DGN=- 2. 42897
GEO_PAR_Cl1_DGN=- 1. 04088
GEO_PAR_DO_DGN=-1. 612
GEO PAR D1_DGN=-2. 112
GEO_PAR_CORR_DGN=0.

Ts = (AO+AL*S)*T87 + (BO+B1*S)*T11l + (C0+Cl*S)*T12 + DO + DL*S

# NGN al go : Ts = (AO+Al*S)*T87 + (BO+B1*S)*T39 + (C0+C1l*S)*T11 +
(DO+D1*S)*T12 + EO + E1*S + CORR
#

GEO_PAR A0 _NGN=1. 10787
GEO_PAR_Al_NGN=0. 09500
GEO_PAR_BO_NGN=- 0. 65224

GEO_PAR B1_NGN=- 0. 11218
GEO_PAR_CO_NGN=1. 12935
GEO_PAR_C1_NGN=0. 43058

GEO_PAR DO_NGN=- 0. 56174

GEO_PAR D1_NGN=- 0. 40032
GEO_PAR_EO_NGN=3. 923
GEO_PAR_E1_NGN=1. 590
GEO_PAR_CORR_NGN=0.

# T39 algo :
#

GEO PAR_A0_T39=1.
GEO _PAR_Al _T39=0.
GEO_PAR_B0_T39=0.
GEO_PAR_B1_T39=0.
GEO_PAR_C0_T39=4. 99561
GEO PAR Cl1_T39=2. 12593
GEO _PAR _CORR T39=0.1

Ts = (AO+A1*S)*T39 + (BO+B1*S)*(T11-T12) + CO + C1*S + CORR

03837
02348
58550
35686

# T85 algo : Ts = (AO+AL*S)*T87 + (BO+B1*S)*T39 + (C0+CL*S)*(T11-T12) + DO
+ DI*S + CORR
#

GEO_PAR_A0_T85=0. 36562
GEO_PAR Al_T85=-0. 04267
GEO_PAR BO_T85=0. 67813
GEO_PAR B1_T85=0. 06741
GEO_PAR_C0_T85=1. 07466
GEO_PAR Cl1_T85=0. 36187
GEO_PAR DO_T85=3. 79151
GEO_PAR D1_T85=2. 08788
GEO_PAR_CORR_T85=0. 2



# used day al gorithm
GEO_PAR _DAY_ALGO=NLS

# used night algorithm
GEO_PAR_NI GHT_ALGO=NLS

export GEO PAR ZENSOL_DAY_ MAX GEO PAR ZENSOL_NI GHT_M N

export GEO PAR_AO_NLS GEO PAR_Al1_NLS

export GEO PAR_BO_NLS GEO PAR B1_NLS GEO PAR B2_NLS
export GEO PAR CO_NLS GEO PAR C1_NLS

export GEO PAR _CORR NLS

export GEO_PAR_AO0_DGN GEO PAR_Al_DGN
export GEO_PAR_BO_DGN GEO PAR _B1_DGN
export GEO PAR CO_DGN GEO PAR Cl1_DGN
export GEO PAR DO_DGN GEO PAR D1_DGN
export GEO_PAR_CORR_DGN

export GEO _PAR_AO0_NGN GEO PAR_Al_NGN
export GEO _PAR BO_NGN GEO PAR Bl _NGN
export GEO PAR CO_NGN GEO PAR C1_NGN
export GEO PAR _DO_NGN GEO PAR D1 NGN
export GEO_PAR_EO_NGN GEO PAR_E1_NGN
export GEO _PAR_CORR_NGN

export GEO PAR A0 _T39 GEO PAR Al T39
export GEO_PAR BO_T39 GEO PAR Bl1_T39
export GEO _PAR _C0_T39 GEO PAR Cl1_T39
export GEO PAR_CORR T39

export GEO PAR_AO0_T85 GEO PAR Al_T85
export GEO PAR BO_T85 GEO PAR B1_T85
export GEO PAR _CO_T85 GEO PAR C1_T85
export GEO PAR _DO_T85 GEO PAR D1_T85
export GEO PAR_CORR T85

export GEO_PAR _DAY_ALGO
export GEO _PAR_NI GHT_ALGO

#msg snooth | R channel box size

GEO_PAR_HALF_BOXSI ZEPI X_SMOOTH=5

GEO_PAR_HALF_BOXSI ZELI N_SMOOTH=15

export GEO _PAR_HALF_BOXSI ZEPI X_SMOOTH GEO_PAR_HALF_BOXSI ZELI N_SMOOTH

#upper linmt of zensat value for SST conpilation
GEO_PAR_ZENSAT_MAX=75
export GEO_PAR_ZENSAT MAX

# aerosol parameters

#

# aerosol data of day D can be used for SST cal culation of day D
# if D <=Dand DD < GEO_PAR _AER DELAY

GEO_PAR_AER DELAY=3

# tau > GEO PAR _AER TAUVAX -> cl oudy

GEO_PAR_AER TAUMAX=0. 35

export GEO PAR AER DELAY GEO PAR AER TAUMAX

$%



# m ni num confidence | evel of sst taken into account in overl apping
statistic

MRG_PAR_NOTE_M N=5

export MRG_PAR_NOTE_M N

# maxinmumtinme difference in hours of sst taken into account in overlapping
statistic

MRG_PAR TI ME_DI F_MAX=3

export MRG PAR TI ME_DI F_MAX

# maxi num zensat val ue (1/100 degree) where the choice between goes or nsg
is based on the confidence level in the nerging algorithm
MRG_PAR_ZENSAT LI M=6000

export MRG PAR ZENSAT LIM

# pixel corresponding to 37.5Win the nmerging grids
MRG_PAR_PI XEL_LI M=625
export MRG PAR PI XEL_LIM

#o----- end of file -----mmmmmmi i



APPENDIX F: Monthly validation statistic file

This file includes the validation results of a given month for the satellites in use and for the
various day/night, broad/limited validation set combinations. Units are Celsius for the
temperatures, gcm™ for the water vapor contents, missing values are coded —99.999, spares
are coded —99.900.

Each line includes:
- satellite identification

beginning date (dd-mm-aaaa)
end date (dd-mm-aaaa)
day/night identification
broad/limited subset identification
number of validation points
mean, standard deviation, min. value, max. value of the error

(
(
(

mean, standard deviation

mean, standard deviation, min. value, max. value

e e N N R R N W NN

4 spares

FORMAT:

apor content

(1x,a20,2(1x,a10),1x,a4,1x,a9,1x,i5,

16(1x,f7.3),2(1x,i4), 1x,4(1x,{7.3),4(1x,18.3),
16(1x,f7.3),8(1x,f5.2),8(1x,6.1),4f7.3)

)
)
)

N e N N N N N

~—

of the calculated SST

of the measured SST

of the climatologic mean SST

of the measurement time

of the latitude

of the longitude

of the 11 micron temperature

of the 12 micron temperature

of the 3.9 micron temperature

of the 8.7 micron temperature

of the vertical water vapor content
of the climatologic vertical water

of the satellite zenith angle
of the sun zenith angle



APPENDIX G: Help in reading HDF format

A C program to read HDF format (read_hdf.c) is available under the IFREMER server
ftp://ftp.ifremer.fr/publ/ifremer/cersat/SAFOSI/Tools.

To install this program proceed as follows:

Download the HDF 4.1r5 software from
ftp://ftp.ncsa.uiuc.edu/HDF/HDF/HDFE_Current (get HDF4.1r5.tar.gz)

Download the HDF_EOS 2.7v1.00 source code and test drivers from
http://hdfeos.gsfc.nasa.gov/hdfeos/softwarelist.cfm

Since read_hdf.c produces a pgm file as an output example, you must download the
PBMPLUS toolkit from http://www.acme.com/software/pbmplus

Check that the following include files are present:

stdio.h (standard i ncl ude)
hdf . h (hdf library include)
Hdf EosDef . h (hdfeos library include)
pgm h (pgmlibrary include)
D n n - + 1 , B + : ! ! ) n & >

#

#

# Makefile (exanple)

#

#

SOFT=sof t

CVB=$( SOFT) / cns

I
I'N
I'N
I'N
I'N

NC_CMVs=-1/$(CMS) /i ncl ude

IC_HDF=-1/$( SOFT) / hdf /i ncl ude

IC_HDFEQCS=- | / $( SOFT) / hdf eos/ i ncl ude

C_PBMPLUS=- 1/ $( SOFT) / pbnpl us/ i ncl ude

C_ALL=$(1 NC_CM5) $(I NC_HDF) $(1 NC_HDFECS) $( | NC_PBMPLUS)

LNK_HDF=- L/ $(SOFT)/ hdf/lib -1 nfhdf -1df -ljpeg -1z -Insl
LNK_HDFECS=- L/ $( SOFT) / hdf eos/lib -1 hdfeos -1 CGctp
LNK_PBMPLUS=- L/ $( SOFT) / pbnpl us/lib -1 pnm -1 ppm -1 pgm -1 pbm
LNK_M=-1m

LNK_ALL=$( LNK_HDF) $(LNK_HDFEGCS) $(LNK_PBMPLUS) $(LNK_M

CC=cc

read _hdf:read_hdf.c

$(CCO -g $(INCALL) -0 read_hdf read_hdf.c $(LNK ALL)
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