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1 Introduction

1.1 Purpose and scope of the document

This document is a validation report elaborated as part of the Operational Readiness Review
process of EUMETSAT for the CMS upgraded Sea Surface Temperature (SST) chain ingesting
Metop-B/AVHRR data. This chain delivers three products:

1. OSI-201-b: Global Metop Sea Surface Temperature

2. OSI-202-b: North Atlantic Regional Sea Surface Temperature

3. OSI-204-b: Full resolution MetOp Sea Surface Temperature metagranules

This document presents the validation over oceans of the OSI SAF Metop-B/AVHRR SST
products OSI-201-b, OSI-202-b and OSI-204-b. The table below recaps the product characteris-
tics and expected accuracies (extract of the Product Requirement Document [AD.1]).

This document also presents the near real time control of the processing chain. This is not
strictly speaking validation, but this is a critical step to ensure that the chain is performing as
expected. Some results are shown as examples to illustrate the control procedure.

Product
ID

Fre-
quency

Spatial
cover-
age

Spatial
sam-
pling

Threshold
accuracy.
Monthly
bias, STD

Target
accuracy.
Monthly
bias, STD

Optimal
accuracy.
Monthly
bias, STD

OSI-201-b 12h Global 0.05◦

1◦C, 1.5◦C 0.5◦C, 0.8◦C 0.1◦C, 0.3◦COSI-202-b 6h North
Atlantic 2km

OSI-204-b 3min Global 1km

1.2 Structure of the document

This document is structured in three parts: section 2 describes briefly the methods and the
processing chain. Section 3 presents the scientific control of the processing chain performed in
near real time. And section 4 presents results of validation against in situ measurements.
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1.3 Reference documents
Ref Title Code

[RD.1]

Algorithms Theoretical Basis
Document for the Low Earth
Orbiter Sea Surface Temperature
Processing Chain - version 1.2

SAF/OSI/CDOP2/M-F/SCI/MA/216

[RD.2]

Ocean and Sea Ice SAF CDOP-2.
Architectural Design Document for
the LEOSAFO processing chain
(SS1) - version 1.1

SAF/OSI/CDOP2/M-F/TEC/TN/219

[RD.3]
Low Earth Orbiter Sea Surface
Temperature Product User Manual
- version 3.0

SAF/OSI/CDOP2/M-F/TEC/MA/127

[RD.4]

MAIA version 4 for Suomi
NPP-VIIRS and
NOAA/Metop-AVHRR cloud mask
and classification – Scientific user
manual and validation report -
version 1.0

SAF/OSI/CDOP2/M-F/TEC/MA/217

1.4 Applicable documents

Ref Title Code

[AD.1]
Ocean and Sea Ice SAF CDOP-2.
Product Requirement Document
version 3.2

SAF/OSI/CDOP2/M-F/MGT/PL/2-001

1.5 Acronyms

AOD Aerosol Optical Depth
AVHRR Advanced Very High Resolution Radiometer
BT Brightness Temperature
CMC Canadian Meteorological Centre
ECMWF European Centre for Medium-range Weather Forecasts
GDS GHRSST Data Specification
GHRSST Group for High Resolution SST
GTS Global Telecommunication System
LEO Low Earth Orbiter
M-F/CMS Météo France/Centre de Météorologie Spatiale
MDS Matchup DataSet
Metop Meteorological Operational
NAR North Atlantic Region
NOAA National Oceanic and Atmospheric Administration
NWP Numerical Weather Prediction
NWP SAF Numerical Weather Prediction Satellite Application Facility
OSI SAF Ocean and Sea Ice Satellite Application Facility
OSTIA Operational Sea Surface Temperature and Sea Ice Analysis
QL Quality Level
RTM Radiative Transfer Model
RTTOV Radiative Transfer for TOVS
SAF Satellite Application Facility
SDI Saharan Dust Index
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SEVIRI Spinning Enhanced Visible and InfraRed Imager
SSES Sensor Specific Error Statistics
SST Sea Surface Temperature
STD Standard Deviation
TIROS Television Infrared Observation Satellite
TOVS TIROS Operational Vertical Sounder

2 Processing Chain

The algorithms and chain are described in details in [RD.1] and [RD.2], only the main features
are reminded here.

2.1 Overview of the chain and products

The Low Earth Orbiter (LEO) processing chain ingests Metop-B/AVHRR granules (correspond-
ing to 3 minutes of acquisition of the sensor). Each of these granules is processed and results
in a workfile containing all intermediate information produced by the chain. The workfile are
then used to elaborate the Matchup DataSet (MDS) and the OSI SAF products (see section 1).
These products are compliant with the recommendation of the Group for High Resolution SST
(GHRSST) and detailed in the version 2 of the GHRSST Data Specification (GHRSST Science
Team, 2011). Figure 1 shows a schematic representation of the LEO processing chain.

Figure 1: Schematic representation of LEO processing chain

2.2 Sea surface temperature computation

SST is computed for all clear-sky water pixels. Clear-sky pixels are identified using MAIA cloud
mask [RD.4]. A cloud mask control procedure is used to assign a lower quality level to pixels which
are dubious (thin cloud, dust aerosols,...). It consists in a series of tests that consider various
quantities such as the local values of gradient, temperature, probability of ice, etc. The quality
level is provided at pixel level with increasing reliability from 2 (="bad") to 5 (="excellent"); 0
means unprocessed and 1 means cloudy. Quality levels give the user a simple mean of filtering
the data. Users are recommended to use quality levels 3 to 5 for quantitative applications. This
recommendation is applied in the following sections, and only results of validation for quality
levels 3 to 5 are shown.
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Computation of SST is based on linear and quasi-linear algorithms using brightness temper-
atures of the AVHRR instrument. Two split window algorithms are being used:

SSTday = (a+ bSΘ)T10.8 + (c+ dSΘ + eTCLIM )(T10.8 − T12) + f + gSΘ (1)
SSTnight = (a+ bSΘ)T3.7 + (c+ dSΘ)(T10.8 − T12) + e+ fSΘ (2)

where SΘ = sec(Θsat) − 1, and Θsat is the satellite zenith angle. Coefficients are determined
using brightness temperature simulations on a radiosonde database. The last two coefficients of
equations 1 and 2 (f , g and e, f respectively) are corrected relative to buoy measurements. In
order to reduce the impact of radiometric noise on the (T10.8 − T12) term, it is smoothed by a
mean filter applied to 11 × 11 pixels boxes.

This type of algorithms, when used for global application, result in regional and seasonal
biases (e.g. Marsouin et al., 2015). In order to correct for these biases, the LEO processing chain
includes the method developed by Le Borgne et al. (2011) referred to as the “algorithm correction”
in the following. It relies on brightness temperature simulations from RTTOV radiative transfer
model using ECMWF profiles and OSTIA SST analysis (Donlon et al., 2012). Simulations
are performed for each clear sky pixel which are identified as such by a cloud mask and control
procedure. Simulations are not perfect, due to model output errors, RTTOV errors and sampling
of profiles. They are therefore adjusted using an empirical approach based on averaging the
simulated - observed BT differences over 3 days preceding the day being processed. The correction
is calculated as the difference between the retrieved SST from simulated adjusted BTs and the
SST analysis used as input to the simulations. Details are provided in [RD.1].

2.3 Matchup Dataset and blacklist

The MDS is elaborated operationally by collocating the full resolution satellite information with
in situ measurements from ship, moored buoys and drifting buoys available through the Global
Telecommunication System (GTS). The collocation is performed in a ±3 hours around the in
situ observation with a 5-day delay to ensure a good collection of in situ data through the GTS.
As well as SST, the MDS contains all intermediate information stored in the workfiles during the
core of the processing extracted over a 37 × 37 pixel box centered on the measurement location.
This includes: observed and simulated BTs, SDI, SST algorithm correction. The validation of
the product is essentially based on the exploitation of the MDS, and the criteria used are detailed
in section 4.

OSI SAF is using an automated procedure to elaborate a so-called buoy blacklist. It lists all
anomalous buoys by monitoring SST difference between satellite and buoy, separately for each
buoy and using several satellites (excluding Metop-B at the time of writing of this report) over
10-day periods. The method is described in Marsouin et al. (2015). The buoy blacklist is not
used for the elaboration of the MDS, it is used at the validation step.
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3 Routine control of the simulation based method

The purpose of the routine control of the chain is to ensure that the simulated BT adjustment
and SST algorithm correction are behaving as expected. It is performed in near real time as no
in situ data is required. BT adjustment and SST algorithm correction are two critical steps in
the elaboration of the products.

3.1 Control of the BT adjustment

Figure 2: Control of the BT adjustment for channel 3.7, 10.8 and 12.0µm. Temporal evolution of
the difference, in K, between simulated and observed BT in green; and between adjusted simulated and
observed BT in red (global mean and standard deviation). Top: daytime; Bottom: night-time

The adjustment removes the bias of the simulated BTs due to RTM uncertainties, ECMWF
profiles uncertainties, profiles sampling and instrument filter function and calibration uncertain-
ties. A successful adjustment means that the difference between observed and simulated BTs is
close to zero on average.

Figure 2 shows the time evolution of the difference between observed and simulated BTs for
the three channels used in SST retrieval. For channels 3.7 and 10.8µm the adjustment is small,
of the order of 0.1 K. For channel 12.0µm the correction is about 0.4 K (the calibration of this
channel is in question). Adjustment is performing as expected bringing the difference of BTs
around zero allowing little variations.

3.2 Control of the SST correction

Comparison of SST products to SST analysis (OSTIA and the Canadian Meteorological Centre
(CMC) analysis) are performed in near real time before the in situ data become available. The
purpose of this comparison is to ensure the algorithm correction is performing as expected and

EUMETSAT OSISAF 8
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Figure 3: Control of the SST correction. Temporal evolution of the mean difference, in K, and standard
deviation between OSTIA and Metop-B SST on the left graphs, and between CMC analysis and Metop-B
SST on the right graphs and for daytime (top) and nigh time (bottom). Uncorrected SST is in green and
corrected SST is in red.

no problem is occurring. This is not a validation as such, but since OSTIA and CMC analysis
ingest in situ measurements and satellite derived SST, such comparisons give a good indication
of the efficiency of the algorithm correction.

Figure 3 shows comparison of SST against OSTIA and CMC analysis for day and night-time
before and after algorithm correction. One can see that the effect of the algorithm correction
is more visible during daytime than during night-time. Daytime SST algorithm uses only two
channels whereas the night-time algorithm includes the 3.7µm channel (see [RD.1]) making it
more adaptive to the diversity of atmospheric conditions (Marsouin et al., 2015).

Algorithm correction tends to bring the averaged difference between observations and OSTIA
analysis very close to 0. This is not surprising since the bias correction scheme uses OSTIA for
brightness temperature adjustment.

For both daytime OSTIA and CMC analysis comparisons a low frequency variation of the
standard deviation can be observed (higher values between June and September). It seems to
originate from the Northern hemisphere (latitude above 30◦). As of now, no explanation can be
provided.

EUMETSAT OSISAF 9
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4 Validation results

Validation statistics are based on the exploitation of the MDS gathered from the 19th of April
2015 and the 30th of Septembre 2015. The chain was running in operational environment and
in a stable version (no modifications) during that period.

The following general rules are used, they are fairly standard and commonly used for many
validation exercises:

1. Only drifter measurements are considered.

2. Coastal measurements are eliminated, the validation boxes (37× 37 pixels, see section 2.3)
only contain sea pixels.

3. Night-time and daytime algorithms are validated separately. Night-time and daytime con-
ditions correspond to Sun Zenith Angle (SZA) above 110◦ and below 90◦ respectively.
Validation in twilight conditions (90◦ < SZA < 110◦) are not presented here.

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

5. Blacklisted buoys are filtered out.

6. To eliminate erroneous measurements, cases where the absolute value of the difference
between the in situ measurement and the climatology exceeds 5◦C are eliminated.

4.1 Global statistics

Table 1 presents the global statistics (bias and standard deviation) of the difference between
SST product and drifting buoys measurements. Results are presented for day and night-time
separately per quality level. Results in this table are only presented for the corrected SST (which
includes the algorithm correction). Bias and standard deviation are very similar during the day
and during the night for quality level 3-5 and for quality level 4-5. One can note a clear reduction
in bias and standard deviation as the quality level increase.

Table 1: Global statistics: Metop-B against drifting buoys for the period 19/04/2015 - 30/09/2015

Day Night
Quality level N bias (K) Std (K) N bias (K) Std (K)
3-4-5 70967 -0.18 0.54 59996 -0.21 0.53
4-5 30534 -0.07 0.46 33359 -0.06 0.41
5 13717 -0.04 0.39 15407 -0.01 0.32
4 16817 -0.10 0.50 17952 -0.10 0.46
3 40433 -0.26 0.59 26637 -0.41 0.60

Figure 4 represents the time evolution of the statistics for day and night separately computed
over 10-day periods. It shows very stable statistics for all quality levels.

Figures 5 and 6 present for daytime and night-time respectively the maps of mean difference
spatially binned over 5 × 5 degree for the whole period. Note that a minimum of ten matchups
is required per bin for the statistics to be computed. Results are presented both for uncorrected
SST estimates (not available in final products) and for corrected SST estimates.

The positive effect of the algorithm correction is clearly visible during daytime on figures 5a
and 5b. Large cool bias in areas such as the equatorial Pacific and the Indian Ocean are almost
totally eliminated. The standard deviation is also reduced after algorithm correction is applied.

EUMETSAT OSISAF 10
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Figure 4: Global time evolution of the bias (in K, top row), standard deviation (in K, middle row) and
number of matchups (bottom row) of the difference between Metop-B SST and drifting buoys measure-
ments. Left: daytime; Right: Night-time.

During night-time, before algorithm correction is applied, regional biases are lower than
during daytime (see figures 5a and 6a). The reason for this is explained in section 3.2. We note
that the algorithm correction does not improve significantly the bias and the standard deviation
during night-time.

Figure 5e and 6e show the number of matchups available in each 5×5 degree box for the con-
sidered period of time. High bias and standard deviation (after algorithm correction is applied)
often correspond to a very limited number of matchups. This is particularly true for positive
bias: area East of Nova Scotia during daytime for example.

Overall, the bias correction is enhancing results during daytime, but is not changing the
night-time results much. As we also mention further down in section 5, we are questioning the
current version of the cloud mask processor (MAIA v3, not optimal for Metop-B) which lets
through some cloudy pixels. This has an impact on the BT adjustment step and therefore on the
algorithm correction step. It is very difficult to tell if the use of a better cloud mask processor
(MAIA v4) will have a noticeable and positive impact on these two steps. Tests will be carried
out with updated cloud mask processor and if needed parameters of the processing chain will be
adjusted.

EUMETSAT OSISAF 11
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(a) (b)

(c) (d)

(e)

Figure 5: Maps of the mean daytime difference, in K, spatially binned over 5× 5 degree. (a) and (c) are
the mean difference, in K, and the standard deviation, in K, for the uncorrected SST, (b) and (d) are the
same maps for the corrected SST. (e) is the number of buoy measurements in each spatial bin.
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(a) (b)

(c) (d)

(e)

Figure 6: Same as figure 5 for night-time.
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4.2 North Atlantic Region statistics

Results computed from a subset of the Metop-B MDS for the North Atlantic region are presented
in table 2 and figure 7.

Statistics are slightly less good than for global results especially during daytime. This is
due to the extent of the NAR domain which include high latitude where some difficulties are
encountered: sea-ice detection, brightness temperature adjustment more difficult due to few
data available, algorithm correction therefore less efficient. Also, as mentioned in sections 4.1,
the cloud mask processor used (MAIA v3) is letting cloudy pixels through. This problem is likely
affecting more the Northern latitudes because the cloud cover is more important. It is hoped
that the new version of the cloud mask processor (MAIA v4, in implementation at the time of
the writing of this report) will improve the statistics of Metop-B statistics over the NAR region.

Table 2: NAR statistics: Metop-B against drifting buoys for the period 19/04/2015 - 30/09/2015

Day Night
Quality level N bias (K) Std (K) N bias (K) Std (K)
3-4-5 19454 -0.22 0.57 11452 -0.16 0.47
4-5 9954 -0.12 0.47 7093 -0.03 0.34
5 5001 -0.08 0.43 3806 -0.03 0.28
4 4953 -0.17 0.51 3287 -0.10 0.39
3 9500 -0.32 0.63 4359 -0.36 0.56

Figure 7: NAR time evolution of the bias (in K, top row), standard deviation (in K, middle row) and
number of matchups (bottom row) of the difference between Metop-B SST and drifting buoys measure-
ments. Left: daytime; Right: Night-time.
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4.3 Error dependencies

This section explores the dependencies of the mean difference between Metop-B SST and drifting
buoys. This is performed on the global data.

Figure 8: Daytime error (in K) as a function of various parameters: in situ SST, satellite zenith angle,
latitude, longitude quality level and box coverage. Bias and standard deviation are represented in thick
solid line and dashed line respectively. The blue lines represents the distribution of matchups, and the
grey dots represent each individual matchups.
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SAF/OSI/CDOP2/M-F/SCI/TEC/234
AVHRR SST Validation Rep

v1.1, 10/12/2015

Figure 9: Same as figure 8 for night-time.

Figures 8 and 9 show the error dependencies on variables such as in situ SST, latitude,
quality level for daytime and night-time respectively. Variations are very limited with respect to
in situ SST, satellite zenith angle and longitude. As far as latitudinal dependency is concern,
bias seem to increase closer to the poles. This can be explained by two different factors: (i)
less drifting buoys available for validation; (ii) limitation of the split window algorithm at high
latitude (illustrated in Merchant et al. (2008)) which cannot be properly handled by the algorithm
correction scheme because of fewer cloud free pixels (used in the step of brightness temperature
adjustment, see [RD.1] for more details).

Bias (in absolute value) and standard deviation show a slight decrease with increasing box
coverage (note that the boxes considered here are the validation boxes mentioned in section 2.3).
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5 Comparison to “old” processing chain - Discussion

5.1 Global statistics

Here we compare the global statistics of the current operational (at the time of writing of this
report) chain processing Metop-A data to the updated chain for the same period of time. In the
following, Metop-A chain refers to the “old” processing chain whereas Metop-B chain refers to
the updated chain which is the object of this report.

Table 3 show the results Metop-A chain against drifting buoys measurements. This table is
to be compared to table 1. One striking element is the difference in the number of matchups
between the two processing chain. There is about 30% more matchups for Metop-B chain. More
details are given in the next section.

During daytime the bias is generally higher and the standard deviation lower across all
quality levels. The new processing chain produce slightly less matchups for quality level 4 and
5, but much more for quality level 3. In general these remarks are true also for night-time. The
exception being the standard deviation for quality level 3 and 4 which are slightly higher for the
new processing chain.

Table 3: Global statistics: Metop-A against drifting buoys for the period 19/04/2015 - 30/09/2015

Day Night
Quality level N bias (K) Std (K) N bias (K) Std (K)
3-4-5 49212 -0.06 0.60 37058 -0.12 0.42
4-5 38811 -0.04 0.57 24176 -0.09 0.37
5 21036 0.00 0.54 13486 -0.08 0.33
4 17775 -0.09 0.60 10690 -0.10 0.42
3 10401 -0.15 0.71 12882 -0.19 0.50

Beside the fact that we are comparing results of two different satellites, a rigorous comparison
of the statistics is not easy because of the major differences in the processing. A few major
differences may explain the features observed in tables 1 and 3:

1. The way quality level is attributed to each pixels is to some extend fairly different between
the two processing chains, in particular two more indicators are used in the Metop-B chain:
an algorithm correction indicator and a distance-to-cloud indicator (see [RD.1]). This and
other small differences explain the rather different distribution of matchups across quality
levels.

2. The cloud mask used in both chains is produced by our in-house MAIA v3 processor. It was
properly tuned to deal with Metop-A data but not for Metop-B. This was not done because
MAIA v4 is now in implementation phase for Metop-B and will replace the current version.
Our analysis (not shown here) show that the cloud mask lets a lot of cloudy pixels trough
for Metop-B, especially during night-time. Despite the cloud mask control performed as
part of the SST processing chain we are not able to flag some of these pixels with a lower
quality level than 3. This is a likely explanation for the fact that during night-time quality
level 3 displays a bias of −0.41 K and a standard deviation of 0.60 K for Metop-B chain,
whereas these quantities are −0.19 and 0.50 for Metop-A chain.

5.2 Coverage

As was mentioned earlier, the Metop-B chain aims at producing SST for all pixels seen as cloud
free by the cloud mask (in the old processing chain, dubious pixels were eliminated right at the
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start of the process).

Table 4: Daily coverage of the Metop-A and Metop-B chains. It is given as the percentage of sea pixels
where SST has been computed for ranges of quality levels and for the global L3C product and the full
resolution metagranules.

L3C L2P
Quality levels 4-5 3-4-5 4-5 3-4-5
Metop-A chain 17.0% 21.4% 10.4% 12.9%
Metop-B chain 12.1% 22.8% 11.2% 16.8%

Table 4 show a comparison of the coverage in percentage of total sea pixels computed from
L2P and L3C of Metop-A and Metop-B chains. On the L3C products, for quality levels 3-4-5,
Metop-B chains only increase the coverage by 1.4%. However, quality levels 4 and 5 covers less
sea pixels in Metop-B chain than in Metop-A chain. This is due to the projection of the L2P
onto the global 0.5.5◦ grid. In this process priority is given to the nearest neighbour and not to
quality level. The proportion of quality level 3 pixels being much higher in the Metop-B chain,
this choice results in a lower coverage of quality levels 4 and 5 in the L3C product.

On the other hand, coverage on the L2P products is significantly higher with the Metop-B
chain: about 4% more on quality levels 3-4-5.
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6 Conclusion

This report presented the routine control being performed in near real time and the validation of
the Metop-B products OSI-201-b, OSI-202-b and OSI-204-b against drifting buoys. A comparison
of Metop-A and Metop-B chains have also been performed. The main conclusions are summarized
here:

• Results of the comparisons against drifting buoys (and of the routine control) are satisfying
and very stable during the period of this validation exercise.

• Night-time and daytime comparisons to drifting buoys measurements are very similar in
terms of bias and standard deviation.

• The algorithm correction implemented is very useful during daytime and brings the regional
biases down.

• The quality level is a good predictor of the errors, as expected.

• Some improvement are noted over Metop-A chain. Especially in the consistency between
daytime and night-time statistics.

Overall the results are satisfying and we are hoping that the new version of the cloud mask
being implemented at M-F/CMS will improve the validation results.
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