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045-A (045A+10) of SentineBA (a) and Sentin€B Cycle 028 (b). Refer to Figure 4 for the meaning of
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1 Summary

This is ayclicreport on the quality of wid and wave observatiorend their timely availabilitfrom the
radaraltimeter SRAL choard:

x  Sentinel3A for Cycle No045 covering theperiod from 17/05/2019to 13/06/2019. For better
comparison with Sentine3B some of the plots show results from a cycle shifted by 10 days
(referred to as045+10)to coincide withSentinel3B Cycle No.026, i.e. from27/05/2019 to
23/06/2019); and

x  Sentinel3Bfor Cycle No026 (period from27/05/2019to 23/06/2019).

The product underconsideration is the Level 2 Marine Ocean and Sea Ice Areas-l(3RA) also
referred to as S3A_SR_2_ WAT that is nominally distributed in near real time (NRT). This work covers the
Cal/Val Task SRARMACV230 (Wind, wave product validation vs models).

Radar backscatter (sigma0), surface wind speed (WS) and significant wave height (SWH) from product
S3A SR 2 WAT are monitored and validated using the procedure used successfully for the validation of
the equivalent products from earlier altimeters. Theopedure is described in Appendix A. The
procedure composed of a set of setfnsistency checks and comparisons against other sources of data.
Model equivalent products from the ECMWF Integrated Forecasting System (IFS) -aitd in
measurements availablen NRT hirough the Global Telecommunication System (GTS) are used for the
validation
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2 Events

The major changes and events that may had impact on the results of the validation of S&ntiimel
and wave products presented in this report are listed be{t@ms inbold are satellite relateq:

1 16 February 206:

08 Mar 2016:

1 09April 2016:

1 12 April 2016:

9 14 October2016:

T 17 November2016:

T 22 November 2016

1T 29 November2016:

1 05December2016:

1 12January 2017

1 28 February 2017

Launch of SentineBA

Model change to CY41R2. The main change is the implementation ¢
new 9km cubic octahedral grid 8.279) for the higkresolution
configuration of IFS.

Switch SRAL to LRM Mode
Switch SRAL back to SAR Mode
Implementation of SRAL processing chdif=SM-2 version 06.03

Implementation of SRAL processing baseline (PB) 2.09 which inch
processing chailPF version 06.07 and06.05 for Levell and LevebR,
respectively.

ECMWEF model changed to CY43R1. This change has almost no imj
the products ass&sed here.

ADF SR_2 CON_AX (@MVer. 006: SAR SigmaO increased by 0.35
and PLRM Sigma0 increased by 0.1 dB.

LYLX SYSy (Gl GA2y 27F ¥FdzNIi KS NJISRAIMNVR
L2IPF(SM-2) Ver. 06.05%

Implementation of Levell IPF version 06.09.

Implementation of PB 2.10 which includes: LevellPF version 06.1C
MWR IPF version 06.03 and LexlIPF version 06.06Updated
calibrations were introduced.
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1 12 April 2017 Implementation of PB 2.12 which includes LevElIPF version 06.11 an
Level2 IPF version 06.07. The change targeted the generation of Le
1b-S products with no impact on Lew@l products.

1 11 July 2017 ECMWF model changed to CY&3Rhis change has almosb impact on
the products assessed hereHowever, it impacted the correction
computed from the model fields like dry and wet tropospheric correctic

M 13 December 2017 Implementation of PB 2.24 which includes: LexellPF version 06.12
MWR IPF version 084 and LeveR IPF version 06.106. Relevant chanc
include: aligning ocean khand sigmaO(all modes LRM, PLRM: SAR)
Envisat mean value (10.8 dB withb the atmospheric attenuation);
correcting sigmaOfor atmospheric attenuation reducing SAR Ktband
SNVH overestimation(SAMOSA 2.5 retrackgr

1 14 February 2018 Implementation of PB 2.27 which includes: updates of -ground
calibration strategy to improve data quality and reduce noise; and dire
computation of significant wave height fronsAMOSA retrackeoutputs
in addition to few bugfixes.

1 04 April 2018 Implementation of PB 2.33.

1 25April 2018: Launch of SentineBB

1 210May2018: Switch Sentine3B SRAL to LRM Mode

1 06 June2018: ECMWF mdel changd to CY4RL.

1 07June2018: SwitchSentinel3B SRAL back to SAR Mode

M 16 October 2018  End of SentineBB tandem phase with Senten&A
M 23 November 2018 End of SentineBBsecond drift phasevhen itreached its definitive orbit
M 06 December 2018 Implementation of Sentinel3B PB 1.13

1 14 February2019 Implementation of Sentinel3A PB2.45 and SentineBBPB 1.T. This PB
update is expected to have an impact on significant wave height.
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T 11June2019: ECMWF mdel changd to CY#RL which includes significar

improvements to the wave model mainly related swell development

All ECMWF Integrated Forecast System (IFS) model changes are summarised at:
http://iwww.ecmwf.int/en/forecasts/documentationand-support/changesscmwfmodel
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3 Data Processig

The validation is based on the N&Jerational &ntinel3 (both 3A and 3B¥urface Topography Mission
Level 2(S3A STM L2wind and wave marine produc{S3A_SR_2_WAT) product. For the time being,
the product distributed by EUMETSAT in netCDF through @dine Data Acceg©DA) systemis used

after converting into ASCII format but this will be replaced by the formal BUFR (Binary Universal Form
for the Representation of meteorological data) format whenever becomes available. The raw data
product is collected for®ourly time windows centred at synoptic times (00, 06, 12 and 18 UTC).

The data are then averaged along the track to form swgdeservations wh scales compatible with the
model scales of around 75 km. It is worthwhile mentioning that the model scale is typically several (4~8)
model grid spacing (e.g. Abdalla et al., 2013). This corresponds to 11 individual (1 Hz)-Sentinel
observations (7 kmagh).

To achieve this, the stream of altimeter data is split into short observation sequences each consisting of
11 individual (3Hz) observations. A quality control procedure is performed on each short sequence.
Erratic and suspicious individual obsergas are removed and the remaining data in each sequence are
averaged to form a representative supabservation, providing that the sequence has enough number

2F G3I22Ré AYRADARdzZ f 2 0-abSeNEtibng are oflibcatéd-with tie @eland 1 0 @
the in-situ (if applicable) data. The raw altimeter data that pass the quality control and the collocated
model data are then investigated to derive the conclusions regarding the data quality. The details of the
method used for data processing, whiis an extension to the method used for ERBA analysis and
described in Abdalla and Hersbach (2004), are presented in Appendix A.

The data are closely monitored and verified using the ECMWF IFS model products. Similar products from
other altimeter misions are also used for verification. On a weekly and a monthly basis, the data are
verified against available igitu data in addition to the model data. Internal weekly and monthly plots
summarising the quality of Sentinglproducts for that week or muh are also produced, examined and
archived for future reference.

This specific report gives the assessment of Level 2 S3A_ SR_2 WAT wind and wave products made
available by ESA/EUMETSAT through EUMETSAT ODA System Swuriimed3A Cycle No0.045

covering theperiod from17/05/2019to 13/06/2019and SentineBB Cycle Nd26 covering theperiod

from 27/05/2019to 23/06/2019. Note that several plots show results of SentiBél for thesameperiod

of Sentinel3B Cycle No026 (27/05/2019 to 23/06/2019) and therefore,a 10day shiftedahead
Sentinel3A cycle is referred to here agdlz045+10.
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4 Radar Backscatter and Surface Wind Speed

4.1 Backscatter

The Kuband normalised backscatter coefficient’( SigmeD or just backscatter) from Sentin@A and
Sentinel3B SX_SR_2_WATx=A or B)product seems to be reasonable and compares very well with
that from other altimeters. The backscatter histograor the probability density functios) PDE)dof
Sentinel3A and SentineBB SRAL over the global e oceans for theeriod from 27/05/2019 to
23/06/2019 which corresponds tdCycle026 of Sentinel3B and a 16day shiftedahead Cycle045 of
Sentinel3A (will be called here as Cyd@d5+10)are shown inFigurel. The PD& fdr Sentinei3A and 3B
are very similar to each other and both are not much different frrose of previous cyclegof
Sentinel3B) since the implementation ocentinel3AProcessing Baseline (PB) version 224 Sentinel

3B PB version 1.13Sentinel3 backscatter PDF compares quite well with those of othebahd
altimeters (after adjusting Jasei3 backscatter by about 2.5 dB; not shown).

05
S3B c025
—— S3Ac045p10
0al —— S3Bc026 |
03}k -
[T
a
o
02+ i
0.1} .
O | | | | | | | |
7 8 9 10 11 12 13 14 15 16

Sigma_0 (dB)

Figurel: Sentinel3A SRAL ocean Kiand backscatter histogram (PDF) over the wieoglobe and for the period
from 27/05/2019to 23/06/2019 which corresponds t&ycle026 of Sentinet3Band a 10day shiftedahead §cle
045(045+10) of SentineBA. For comparison, the same plot from the previo8gntinet3B cycle § alsoshown.

The time series of the global (ifeee ocean only) mean and standard deviation (SD) of backscatter
coefficients from SRAL bbth Sentinel3A and 3Bare shown inFigure2. Toemphasise the longerm
changes, 9#lay running means are also shown. The temporal change in the mean and the SD of
backscatter is not much different than the other altimeters (not shawime plot shows the average of a
moving window of 7 days moved by one day at a time to produce smooth plots. Both the mean and the
SD of the backscatter are stable over the last few cycles apart from a slight increase in the mean value of
the backscattemfter the implementation of PB 2.24s can be seen iRigure2 the mean backscatter
reached the highest valua early April 2018 (end @entinel3AGycle 0B-A). The change of mean and
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standard deviation of the backscatter after the implementation of PB 2.27 on 14 February 2018 are
within their usual variabilityThere has beena lineaty increasingtrend of the global mean ofthe
backscattercoefficient since the end of 201 However, this increasing énd tends to become smaller
before changing into a decreasing treroetween the end of Septemberand the end of December
2018 It started to increase againsince end of December 2018 hisis a strong indication o& seasonal
signal

Since the implementation of Sentin@B PB 1.13on 6 December 2018the global mean ocean
backscattevaluesfrom Sentinel3A and SentineBB are very closeavith Sentinet3B value is higher by
about 0.1 dB The standard deviation of the backscatter from both satellites was almost identical during
the tandem phase. After that, there are some minor differences which is normal considering that both
altimeters do not sample the globacean at the same time.
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Figure2: Time series of global mean (top) and standard deviation (bottom) of backscatter coefficie ®RAL Ku
band from both Sentinel3A and Sentinet3B after quality control. Mean and SD are computeal’er a moving
time window of 7 daysand are shown as thin line§’he 92day running means are shown as thick lines

4.2 SAR Mode Surface Wind Speed

Figure3 shows the globaBAR wind speed PQHaf Sentinel3A for Gycle 045+10 (Cycle045 shifted
ahead byl0 daydo cover the same period as that of Senti3& Cycl®26) andof Sertinel-3B forCycle
026. The PDF of the previo&entinel3B cycle is shown for compigon. The PD& @&f the corresponding
ECMWEF Integrated Forecast System (IFS) model wind speedtsdlodth SentineB during thesame
cycles arealso shownThePDRE) &f Sentinel3A and 3Bwvind speedare close to tltoseof the model(as
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well as theother altimeters not shown). However, there afew deviations mainly around the peak of

the PDF¢ KS RAFFSNBYOS 06SisSSy (KS t5CQa 2F 020K |

since a common period is utilised.

0.15 T T T T T T T

T T

S3B c025
ECMWF
S3A c045p10
ECMWF
S3B c026

ECMWF
0.1 -

PDF

0.05 4

] ] ] ] ]
0 2 4 6 8 10 12 14 16 18 20 22
Wind speed (m/s)

Figure 3: Sentinel3 SRAILSARsurface wind speed PDOFaver the whole global ocearand for the period from
27/05/2019 to 23/06/2019 which corresponds to Cycla26 of Sentinel3B and a 16day shiftedahead gcle 045
(045+10) of SentineBA. The corresponding ECMWF (collocatedthvSentinet3) PDR @re also shown for
comparison¢ KS O2NNBaLRyRAYy3I t5CQa 06{ B8enfnel3ByyRle are2aRSshawn &NER Y
dashed lines.

Collocated pairs of altimeter supebservation and the analysed (AN) ECMWF model wind speeds are
plotted in a form of a density scatter plot Figure4 for the wholeglobal ocean ovethe period from
27/05/2019to 23/06/2019which corresponds t&entinet3A Cycle045+10in panel (a) ando Sentinel

3B Cycle026in panel (b) The scatter plots ifrigure4 and other similar wind speed scatteropd that
appear hereafter represent twdimensional (D) histograms showing the number of observations in
each 2D bin of 0.5 m/$ 0.5 m/s of wind speedThe agreement between Sentind winds and their
model counterpart is very good with virtually noabi@round0.1 m/s for Sentinel3A andaround-0.1

m/s for Sentinel3B). SAR wind speed prodsdtom both altimetersare as good as (if not slightly better
than) their counterpars from the other altimeters. The standard deviation of the difference (SDD) with
respect to the model, which can be used as a proxy for the random error, is al®8wrid 108 m/s for
Sentinet3A andSentinel3B, respectivelyabout 14.0% of the mearior both) which is similar to (or even
slightly better than) that of other altimeters. The other fitting statistics are shown in the offstteof
two panels ofFigure4.

l.-’:l
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Figure4: Global comparison between Sentin8l SRAL and ECMWF model analysis surface wisgd values
over the period from 27/05/2019 to 23/06/2019 which corresponds to a Xfay shiftedahead Gcle 045
(045+10) of SentineBA (a) and Sentinet3B Cycle026 (b). The number of collocations in each 0.5 m/s x 0.5 m/s
2D bin is coloicoded as in the legend. Therossesare the means of the bins for givenaxis values (model) while
the circlesare the means for tyen y-axis values (Sentined).
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The scatter plots for Sentin8l SAR wind speed versus the model collocations discriminated based on
their geographical locatits whether in the Northern Hemisphere (north of latitude RO NH), the
Tropics (between latitudes 28 and 20N) or the Southern Hemisphere (south of latitude 0SH) are
shown in panels (a), (b) and (c) Eifjure5, respectively, for SentindA and in panels (d), (e) and (f),
respectively, for Sentin€dB. Corresponding plots from both satellites compare very well with each
other. Compared to the similar plots fro previous cycles for Sentir@A, one can notica seasonal

cycle in the bias behaviour of SRAL SAR mode compared to the model within the range from 7 to 15 m/s
with slight overestimation in NH and slight underestimation in the SH during June to Augusican

versa during November to Marclrurther monitoring and analysis are needed to confirm this and
provide a possible explanation.

The time series of the global mean and standard deviation (SD) of the wind speed from Shemel
Sentinel3B over a 7day time window moving by 1 day at a time are shown in the upper and lower
panels, respectively, dfigure6. The corresponding time series of the modellocated wih Sentinei3A

are also shown for comparisoihe time series of model collocated with SentiBBl arenot different
from the shown ons. To emphasise the lorterm changes, 92lay running means are also shown.

It is clearfrom Figure6 that since6 December 2016 Sentin8A mean wind speed is very close to that of
the model. The globadtandard deviation of the altimeter measuremertas been slightly lower than
that of the model except for the months of July and August 2017 when both global standard deviation
values were almost equarlhis could not be correlated to any of the processing or model changes (see
Section 2. The same haened during July and August 2018 (compare thed@2 running means)
suggesting that this is due to geophysical seasonal effeigare6 does not sggest thatPB 2.24 and PB
2.27 have any impact on wind speed mean andT3ie.increasing trend in th&entinel3A backscatter
global mean is reflected as a small decreasing trend in the wind speed global rhetmeen the end

of 2017and September 2018This trendwas reversedrom Septemberto December2018 (when the
trend in backscatter was reversedyince the end of 2018respective of the slight increasing trend in
backscatter coefficientthere is no clear sign of any trend

Since6 December 2018vhen SentineBB PB 1.13 was implemente8entinel3B wind speed Sentinel
3B wind speedompares very wellith that of Sentinel3A andthat of the modelboth in terms of the
global mean and the global standard deviation as can be seEigume6b. Note that SentineBB mean
windis closer to the model mean than that 8&ntinet3A The latter is higher by about 0.15 m/s which
isarelatively small difference Sentirel-3B SD of wind speed is the lowest.

The time series of the wind speed weekly bias (defined as the altimeterdel) and standard deviation

of the difference (SDD) &entinel3A SRAL compared to the ECMWF model AN are shown in the upper
and lower panels respectively, ofFigure 7. Since the implementation of PB 2.Q@&cluding the
adjustment of sigma_0)n early December2016, there is virtually no bias between Semi-3A and

model winds. Although the global bias is almost zero, there are small regional biases°Withm/s.
Thewind speed bias in each hemisphere follows a seasonal pattern. The bias has its minimum during
the hemispheric summer whilés maximumis attained during the hemispheric winteThe SH bias
pattern is offphase with respect to the NH pattemmith smaller amplitude The bias in the Tropics is
constantat about 0.1 m/s
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Figure5: Same asFigure4 but for Northern Hemisphere (north of 20N), Tropics (20S- 20" N) and Southern
Hemisphere (soth of 207S), respectivelySentinet3A plots on theleft-hand side whileS-3B plots on the right.
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Figure6: Time series of global mean (top) and standard deviation (bottom)vwdhd speed fromSRAL Kidand
after quality control from both Sentinel3A andSentinel3B. The collocated model wind speed mean and SD are
also shownMean and SD are computed over a movitime window of 7 days(shown as thin lines). The 9@ay
running means are shown as thick lines

Figure7 also shows that since early December 2016 (implementatioRB 2.09), Sentin@A global

wind speed SDD values with respect to the model have been fluctuating between 1.0 and 1.2 m/s which
is slightly smaller than the corresponding values from other altimeters (hot shown). Thetrextics
hemispherical SDD vals follow a seasonal cycle in phase of the cycle observed in the bias plots (peaks
down during the summer of the hemisphere and peaks up during the winter period).

The time series of the wind speed weekly bias and SDD of SeBEmmmpared to the ECMW#rodel

AN are shown in the upper and lower panels, respectivelfigire8. Since 6 December 2018 with the
implementation of SentineBB PB 1.13, SentindB winds hae been virtually unbiased with lower SDD
values compared to the model. Sentir&# wind speed bias and SDD are very close to those of Sentinel
3A (about zero bias and slightly above 1 m/s SDD).












































































































