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1 Introduction

The EUMETSAT Satellite Application Facilities (SAFs) are dedicated centres of excellence for
processing satellite data. They form an integral part of the distributed EUMETSAT Application
Ground Segment. The Ocean and Sea Ice SAF, led by Météo-France/Centre de Météorologie
Spatiale (MF/CMS), has the responsibility of developing, validating and distributing near real
time products of Sea Surface Temperature (SST), radiative fluxes, wind and Sea Ice for a variety
of platforms/sensors.

As part of the Second Continuous Development and Operations Phase (CDOP-2) OSI SAF
(more specifically MF/CMS) has committed to reprocess Sea Surface Temperature from the
MSG/ SEVIRI archive from 2004 to 2012.

1.1 Purpose and scope of the document

This validation report of the OSI SAF MSG/SEVIRI data record has been written as part of the
Delivery Readiness Review process of the EUMETSAT for the reprocessing of the MSG/SEVIRI
archive from 2004 to 2012: product OSI-250.

Table 1: Extracted from [AD.2]. Threshold, target and optimal accuracies define respectively: the lower
limit of usefulness, the main reference for assessment at EUMETSAT and the optimal performance reach-
able in theory provided the instrument characteristics

Product
ID

Spatial
coverage

Spatial
sam-
pling

Threshold
accuracy.
Monthly
bias, SD

Target
accuracy.
Monthly
bias, SD

Optimal
accuracy.
Monthly
bias, SD

OSI-250
60◦N to 60◦S
and
60◦W − 60◦E

0.05◦

Lat-Lon 1K, 1K 0.3K, 0.8K 0.1K, 0.3K

The intention of this report is to demonstrate the quality of the MSG/SEVIRI data record,
this is shown in section 3. Based on the Group For High Resolution Sea Surface Temperature
(GHRSST) Climate Data Assessment Framework (CDAF, Merchant et al. (2014)), the OSI SAF
MSG/SEVIRI data record (OSI-250) does not qualify as a climate data record primarily because
it is only nine years long (10 years required). Nevertheless, section 4 of this report presents the
results of the climate data record-type validation as described in Merchant et al. (2014).

This document is complemented by the Algorithm Theoretical Basis Document for MSG/SEVIRI
Sea Surface Temperature data record [RD.1] and the MSG/SEVIRI Sea Surface Temperature
data record Product User Manual [RD.2].

1.2 Reference documents
Ref Title Code

[RD.1]
Algorithm Theoretical Basis Document for
MSG/SEVIRI Sea Surface Temperature data
record - OSI 250

SAF/OSI/CDOP3/MF/
SCI/MA/256
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Ref Title Code

[RD.2]
MSG/SEVIRI Sea Surface Temperature data
record Product User Manual - OSI 250

SAF/OSI/CDOP3/MF/
TEC/MA/309

[RD.3] MSG Level 1.5 Image Data Format Description EUM/MSG/ICD/105 v7

[RD.4]
Product User Manual SEVIRI cloud mask data set
CM-21012

SAF/CM/DWD/PUM/
SEV/CLM v1.1

1.3 Applicable documents

Ref Title Code

[AD.1]
Ocean and Sea Ice SAF CDOP-2.
Product Requirement Document
version 3.3

SAF/OSI/CDOP2/MF/MGT/PL/2-001

[AD.2] OSI SAF Service Specification
version 1.2, 20/11/2017 SAF/OSI/CDOP3/MF/MGT/PL/003

1.4 Acronyms

BT Brightness Temperature
CDAF Climate Data Assessment Framework
ECMWF European Centre for Medium-range Weather Forecasts
GHRSST Group for High Resolution SST
GTMA Global Tropical Moored Buoy Array
IR Infra-Red
MF/CMS Météo France/Centre de Météorologie Spatiale
MDS Matchup DataSet
OSI SAF Ocean and Sea Ice Satellite Application Facility
OSTIA Operational Sea Surface Temperature and Sea Ice Analysis
QL Quality Level
RSD Robust Standard Deviation
RTM Radiative Transfer Model
RTTOV Radiative Transfer for TOVS
SAF Satellite Application Facility
SDI Saharan Dust Index
SEVIRI Spinning Enhanced Visible and InfraRed Imager
SSES Sensor Specific Error Statistics
SST Sea Surface Temperature
SD Standard Deviation
TIROS Television Infrared Observation Satellite
TOVS TIROS Operational Vertical Sounder
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2 Overview of MSG/SEVIRI data record processor

In this section a brief overview of the input datasets used and the main steps of the reprocessing
are given. The procedure for matching in situ and satellite data is also detailed.

2.1 List of input data

The reference datasets used for the reprocessing are:

• 3-hourly atmospheric temperature and humidity profiles (plus a few surface fields) from
ERA-Interim on 37 pressure levels on a global 0.5◦ × 0.5◦ grid from ECMWF (Dee and 35
co-authors, 2011).

• OSTIA daily SST re-analyses (2004-2007) (Roberts-Jones et al., 2012) and analyses (2008-
2012) (Donlon et al., 2012) on a global 0.05◦ × 0.05◦ grid from UK Met Office.

• SST climatology derived from OSTIA daily SST re-analyses (1985-2007) (Roberts-Jones
et al., 2012).

• MSG-1 and MSG-2 visible and infra-red SEVIRI level 1.5 reprocessed (from January 2004
to 5th of May 2008) and near real-time (from 5th of May 2008 to December 2012) data
from EUMETSAT central facility [RD.3].

• Corresponding SEVIRI cloud mask at full space and time resolution, reprocessed by the
CM SAF using the NWC SAF MSG V2012 software [RD.4].

• In-situ data set (Atkinson et al., 2014) created under the SST CCI project. It is the only
source of in situ data used throughout this report for validation purposes.

2.2 Sea surface temperature computation

Details about the retrieval procedure can be found in the ATBD [RD.1], an overview is given
here.

SST is computed for all clear-sky water pixels. Clear-sky pixels are identified using a 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 of a series of tests that consider
various quantities such as the local values of the gradient, temperature, probability of ice, etc.
The quality level is provided at the 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 means of filtering the data. Users are advised to use quality levels 3 to 5 for quantitative
applications. These quality levels are used in the analysis presented in the following sections,
and only results of validation for quality levels 3 to 5 are shown.

Computation of SST is based on a quasi-linear algorithm using brightness temperatures from
the SEVIRI instrument. The form of the algorithm is the same for day-time and night-time:

SST = (a+ b SΘ)T10.8 + (c+ dSΘ + e Tclim)(T10.8 − T12.0) + f + g SΘ (1)

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
equation 1 (f , g) are adjusted relative to drifting buoy measurements (taken at a depth of 20 to
30 cm) for day and night separately. Therefore the retrieved SST is considered to be a sub-skin
temperature. In order to reduce the impact of radiometric noise on the (T10.8 − T12) term, it is
smoothed out by running a Gaussian kernel (radius of 6 pixels, σ = 2) on every pixel.
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This type of algorithm, when used for global applications, induces regional and seasonal
biases (e.g. Marsouin et al. (2015)). In order to correct for these, an algorithm correction
method is used (Le Borgne et al., 2011). It relies on brightness temperature simulations from
the RTTOV radiative transfer model using NWP atmospheric profiles and OSTIA SSTs (Donlon
et al., 2012). Simulations are performed for each clear sky pixel identified as such with the cloud
mask. Simulations are not perfect, due to model output errors, RTTOV errors and instrument
calibration errors. They are therefore adjusted using an empirical approach based on averaging
the simulated minus observed BT differences over 3 days centred on 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.

2.3 The main steps of the reprocessing

The reprocessing is divided into steps, each step being applied to the whole dataset:

1. Simulations of Brightness Temperature (BT): The Radiative Transfer for TOVS (RTTOV,
Saunders et al. (1999)) model version 11 simulated BTs are computed for every clear sky
sea and lake pixels and for each IR channel used for SST retrieval and every three hours.

2. Saharan Dust Index (SDI): It is used to downgrade the quality level of pixels contaminated
by atmospheric dust aerosols and eventually correcting retrieved SST. The computation of
SDI is based on Merchant et al. (2006) during night-time and interpolated during daytime.

3. Control of the mask : This step is designed to detect possible problems such as remaining
cloud contamination. It consists of a series of tests which contribute to the Quality Level
(QL) assignment. These tests are performed at various stages of the reprocessing depending
on the tested values.

4. SST retrieval : A classical non-linear SST algorithm is used to provide a first estimate of
the SST. A bias correction scheme based on radiative transfer simulations of brightness
temperatures is then applied to correct for seasonal and regional bias.

5. Single Sensor Error Statistics (SSES): bias and standard deviation of the error relative to
drifting buoy measurements are added.

SST processing is performed at full spatial (3km at nadir) and temporal resolution (15 min-
utes). The SST final product consists of hourly synthesis centred on the hour. It is remapped
onto a regular cylindrical equidistant latitude/longitude grid at 0.05◦ resolution and extends
from 60◦S to 60◦N and 60◦W to 60◦E.

2.4 The match-up data set (MDS)

The MDS is a collection of match-ups between satellite information (retrieval of SST, BTs, etc...)
at full spatial and temporal resolution, and in situ measurements. In situ data includes drifting
buoy, argo float and moored buoy measurements. Satellite data is extracted in 5×5 pixels boxes
centred on the SEVIRI pixel that includes the in situ measurement.

Exploitation of the MDS follows the criteria listed below:

• Central pixel values (in the 5× 5 pixels box) only is compared to in situ measurements.

• Statistics are computed day and night separately (based on sun zenith angle Θsol): 0 ≤
Θsol ≤ 90◦: day; 90 ≤ Θsol ≤ 180◦: night.

• Only SST quality level 3 to 5 are considered.
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Figure 1: In situ data from the ERA-Clim dataset. Top left: Argo float measurements in 2008; top right:
drifting buoys measurements in 2008; bottom: moored buoys locations (red crosses), moored buoys used
in this report (red dot).

• In situ measurements within 5K of the OSTIA climatology: |SSTinsitu − SSTclim| ≤ 5K

• In situ and satellite acquisition times must be within 15 minutes of each other.

• In situ quality level is considered when provided.

The MDS is organised as monthly mono-satellite files.

2.5 Handling Meteosat-08 and Meteosat-09

During the period of reprocessing (2004-2012) the two satellites Meteosat-08 and Meteosat-09
were operational:

• Meteosat-08: 2004-01-19 to 2007-04-11

• Meteosat-09: 2007-04-12 to 2012-12-31

However, Meteosat-08 replaced Meteosat-09 for some short periods listed in the table below:
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Table 2: Periods when Meteosat-8 replaced Meateosat-9.

Start End Duration
2008-05-14 01:00:00 2008-05-16 12:00:00 2 days and 12 h
2008-12-01 12:00:00 2008-12-09 00:00:00 7 days and 13 h
2009-04-17 19:00:00 2009-04-23 09:00:00 5 days and 13 h
2009-08-17 05:00:00 2009-08-21 08:00:00 4 days and 4 h

For the sake of simplicity, we do not consider the MDS for Meteosat-08 during these short
periods.
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3 Assessment of MSG/SEVIRI data record

3.1 Statistics of comparison

The SST retrieved is assessed in terms of its difference to in situ measurements. Normal statistics
(bias and standard deviation (SD) of the difference (∆SST = SSTsat−SSTin situ) as well as robust
statistics (median and Robust Standard Deviation, RSD) are computed. The RSD is defined by
Merchant and Harris (1999): RSD = [75thpercentile of ∆SST− 25thpercentile of ∆SST]/1.348

These statistics are usually computed on the whole disk of view for various time intervals
(month, trimester or whole duration) and presented hereafter.

In this section only drifting buoys measurements are used. Only satellite SST quality level 3
to 5 are assessed unless otherwise stated. SSES bias has not been applied.

3.2 Overall statistics

Monthly statistics are presented on Figure 2 for the whole reprocessing as a time series, while
table 3 summarizes overall statistics per satellite and for the whole reprocessing.

Figure 2: Monthly overall mean/standard deviation (on the left), and median/robust standard deviation
(on the right) of ∆SST from 2004 to 2012. Mean and median are plotted as solid lines, standard deviation
and robust standard deviation are plotted as dashed lines. The number of match-ups is plotted versus the
right axis as dotted lines.

Table 3: Statistics of the difference between satellite SST and drifting buoy measurements computed from
2004 to 2012: Mean, standard deviation (SD), median and robust standard deviation(RSD).

mean SST nb mean SD median RSD
Meteosat-8 22.23 425132 -0.06 0.44 -0.03 0.35

Night Meteosat-9 22.67 1299635 -0.08 0.48 -0.04 0.38
ALL 22.56 1724767 -0.08 0.47 -0.04 0.37

Meteosat-8 22.38 463219 0.01 0.42 0.04 0.34
Day Meteosat-9 22.80 1383170 0.00 0.46 0.04 0.36

ALL 22.69 1846389 0.00 0.45 0.04 0.35

As can be seen in figure 2, results are very stable in time despite the fluctuation of the number
of match-ups. Median and RSD are slightly more stable than the corresponding bias and SD,
and the RSD is slightly lower than the SD as expected.
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Overall, the bias/median are of the order of -0.08/-0.04K during night-time and 0.00/0.04K
during daytime, while the SD/RSD are 0.47/0.37 and 0.45/0.35 during night-time and daytime
respectively.

Table 4 shows the overall statistics (bias and SD) broken down with respect to quality level.
As expected the higher the QL, the better the statistics. The magnitude of the bias decreases
slightly with the QL and the SD increases with the QL.

Table 4: Statistics of the difference between satellite SST and drifting buoy measurements computed
from 2004 to 2012: Mean and standard deviation (SD) per quality level for daytime (solar zenith angle
Θsol < 90◦), twilight (90◦ < Θsol < 110◦) and night-time (Θsol > 110◦).

Nighttime Twilight Daytime
mean SD mean SD mean SD

Meteosat-8
QL=5 0.01 0.35 0.01 0.36 0.01 0.34
QL=4 -0.06 0.44 -0.06 0.45 -0.06 0.43
QL=3 -0.14 0.56 -0.13 0.60 -0.06 0.52
QL=2 -0.45 0.99 -0.44 1.03 -0.32 1.04

Meteosat-9
QL=5 0.00 0.39 0.00 0.40 0.07 0.39
QL=4 -0.08 0.47 -0.08 0.48 0.00 0.45
QL=3 -0.19 0.57 -0.17 0.60 -0.09 0.54
QL=2 -0.51 1.02 -0.48 1.08 -0.30 1.08

Little difference is observed between Meteosat-8 and Meteosat-9 statistics despite the number
of match-ups being much higher for Meteosat-9 (see figure 2).

3.3 Regional statistics

In this section we present maps of the median of ∆SST over 5×5 degrees boxes. As in Merchant
and Harris (1999), a minimum of 16 match-ups per box is required.

Figures 3 and 4 show quarterly maps of the median of ∆SST for day and night respectively
and for two years 2006 (Meteosat-8) and 2011 (Meteosat-9). The regional biases are mostly
comprised between -0.3 and 0.3 K, and show similar pattern and amplitude during day and
night. The largest regional bias are negative and usually observed during Q2 and Q3 between 0
and 20◦N. This area is subject to the presence of Saharan dust in the atmosphere as well as a
very humid atmosphere (Inter Tropical Convergence Zone).

Positive biases are observed in the South, they are slightly more pronounced during daytime
and for Q1 and Q4.

Some boxes display large isolated bias that can be either negative (see figure 3, Q3 in 2011)
or positive (see appendix A). These isolated values have no physical explanation, but rather are
probably due to defective buoys.
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Figure 3: Daytime quarterly maps (from top Q1 to bottom Q4) of the median difference between satellite
SST and drifting buoy measurements for 2006 on the left and 2011 on the right.
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Figure 4: Nighttime quarterly maps (from top Q1 to bottom Q4) of the median difference between satellite
SST and drifting buoy measurements for 2006 on the left and 2011 on the right.
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4 Climate data record-type assessment

OSI SAF MSG data record does not qualify as a climate data record primarily because it is
only 9 years long (10 required). Nevertheless we performed a “climate validation” following the
principles of the GHRSST Climate Data Assessment Framework (CDAF, Merchant et al., 2014)
because it provides a useful analysis of the data record.

4.1 Systematic and non-systematic effects

Systematic effects are ones influencing the degree to which the SST in the product at a given
location may differ from the truth on average. To assess the impact of systematic effects, two
measures are defined:

• the overall systematic difference from drifting buoys and Argo floats reported as a global
median of the satellite minus in situ SST.

• the geographical variation in difference relative to in situ SST, as described by the standard
deviation of the median satellite minus in situ SST difference on space scales of about
1000km.

Non-systematic effects are those remaining in the satellite-minus-in situ difference after the
systematic effects are removed. They are quantified by the dispersion: robust standard deviation
of the differences of satellite and drifting buoy data after removing the geographical variations
in the difference (systematic effects).

A complete description of the quantities briefly described above can be found in Merchant
et al. (2014).

Results of the systematic and non-systematic effects assessments are summarized in table 5
and 6.

Table 5: Systematic and non-systematic effects relative to drifting buoys measurements.

Meteosat-8 Meteosat-9 All
Global median (K) 0.01 0.00 0.00
Geographical variation (K) 0.10 0.12 0.11
Dispersion (K) 0.33 0.36 0.35

Table 6: Systematic and non-systematic effects relative to Argo floats measurements.

Meteosat-8 Meteosat-9 All
Global median (K) 0.10 0.11 0.11
Geographical variation (K) 0.09 0.13 0.13
Dispersion (K) 0.39 0.38 0.38

These quantities characterise the uncertainties that are associated with systematic and non-
systematic effects. They provide users with information characterizing the retrieval errors.

Systematic and non-systematic effects assessments give similar results for both Meteosat-
8 and Meteosat-9. The global median relative to drifting buoy measurements is close to 0K
whereas it is of about 0.1K relative to Argo floats measurements. This is likely due to the depth
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of measurement of the Argo floats which is about 5m. On the other hands geographical variation
and dispersion are very similar whether they have been computed relative to drifting buoys or
Argo floats measurements: the geographical variation is just above 0.1K which means that there
is little variation in space of the median satellite minus in situ SST. This highlight the efficiency
of the algorithm correction scheme intended to remove regional biases. Finally, since regional
biases have been efficiently removed, it is no surprise to find a dispersion of about 0.35K similar
to the robust standard deviations presented in section 3.2.

4.2 Stability

Stability is the degree of invariance over time of the mean error. It is assessed using moored buoys
from the Global Tropical Moored Buoy Array (GTMA). The methodology is rather complex: it
only involves those moored buoys for which data are available for over 75% of the period to be
assessed. Monthly median differences at each location are deseasonalized and a monthly mean
difference across all locations is computed. Details can be found in Merchant et al. (2014).

Results of the stability assessment are presented in figure 5. Only six moored buoys qualify
for the stability assessment over the period of the reprocessing (see figure 1).

Figure 5: Deseasonalized monthly mean difference to moored buoy measurements.

The multi-year trend of the difference between satellite SST and the GTMA is -4.85mK/year
with [-9.09;-0.61] as the 95% confidence interval. This weak but significant negative trend is only
based on a few buoys all localized in the tropical Atlantic, it is therefore understood as a regional
trend in the bias of MSG/SEVIRI SST data record.

4.3 SST sensitivity

The SST sensitivity represents how much the retrieved SST is sensitive to the true SST. It is
computed using the following formula:

dx̂

dx
=

n∑
c=1

∂R

∂yc

∂yc
∂x

(2)

where x̂ and x are the estimated and true SST respectively, n is the number of channels used
in the retrieval algorithm R (equation 1), ∂R

∂yc
is the partial derivative of the retrieval algorithm

with respect the brightness temperature at channel c (yc), ∂yc
∂x is the change in observation per

unit change of the true SST at channel c, it is computed by RTTOV.
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Note that due to the formulation of the algorithm (see [RD.1]) the sensitivity is the same
during daytime and night-time.

The sensitivity averaged for Meteosat-8 and Meteosat-9 are 0.873 and 0.863. The overall
sensitivity for the whole data record is 0.868. Figure 6 presents maps of sensitivity for two
month (January and July) and for two years (2005: Meteosat-8; 2010: Meteosat-9). These
maps highlight areas where sensitivity to true surface temperature is low: for instance in the
intertropical convergence zone (which moves seasonally), the Indian ocean and in January around
the South Brasilian coast. The central North Atlantic and South Atlantic basins display constant
high monthly sensitivity often greater than 0.9.

Figure 6: Monthly sensitivity to surface temperature calculated for Meteosat-8: January (top-left) and
July (top-right); and for Meteosat-9: January (bottom-left) and July (bottom-right)
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5 Conclusion

The quality assessment of OSI SAF MSG/SEVIRI SST data record shows coherent and stable
results over time. The bias/standard deviation during night-time are -0.06/0.44K for Meteosat-
8 and -0.08/0.48K for Meteosat-9, and during daytime are 0.01/0.42K for Meteosat-8 and
0.00/0.46K for Meteosat-9. Regional biases are low thanks to the algorithm correction scheme.
For comparison, the bias and standard deviation during night-time for the operational MSG/SEVIRI
SST operational product (OSI-206) are -0.03 and 0.57K respectively. Note that these statistics
are computed for one year only (2012) using a different set of in situ data.

The OSI SAF MSG/SEVIRI SST data record easily meets the target accuracy set in the OSI
SAF Product Requirement Document [AD.2].

The climate data record-type assessment of OSI SAF MSG/SEVIRI SST data record has
shown good results (high sensitivity for instance) and has revealed a slight negative slope of
-4.85 mK/yr with respect to moored buoys.
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Appendices

A Quarterly maps of error

Quarterly maps of the median of difference between satellite SST and drifting buoys measure-
ments for day and night-time and for all years of OSI SAF MSG/SEVIR SST data record.
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Figure 7: Daytime quarterly maps (from top Q1 to bottom Q4) of the median difference between satellite
SST and drifting buoy measurements for 2004 on the left, 2005 in the middle and 2006 on the right.
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Figure 8: Daytime quarterly maps (from top Q1 to bottom Q4) of the median difference between satellite
SST and drifting buoy measurements for 2007 on the left, 2008 in the middle and 2009 on the right.
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Figure 9: Daytime quarterly maps (from top Q1 to bottom Q4) of the median difference between satellite
SST and drifting buoy measurements for 2010 on the left, 2011 in the middle and 2012 on the right.
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Figure 10: Night-time quarterly maps (from top Q1 to bottom Q4) of the median difference between
satellite SST and drifting buoy measurements for 2004 on the left, 2005 in the middle and 2006 on the
right.
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Figure 11: Night-time quarterly maps (from top Q1 to bottom Q4) of the median difference between
satellite SST and drifting buoy measurements for 2007 on the left, 2008 in the middle and 2009 on the
right.
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Figure 12: Night-time quarterly maps (from top Q1 to bottom Q4) of the median difference between
satellite SST and drifting buoy measurements for 2010 on the left, 2011 in the middle and 2012 on the
right.
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