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1 Summary 

 

This is a cyclic report on the quality of wind and wave observations and their timely availability from the 

radar altimeter SRAL on-board: 

× Sentinel-3A for Cycle No. 052-A covering the period from 22/11/2019 to 19/12/2019. For better 

comparison with Sentinel-3B some of the plots show results from a cycle shifted by 10 days 

(referred to as 052-A+10) to coincide with Sentinel-3B Cycle No. 033-B, i.e. from 02/12/2019 to 

29/12/2019); and  

× Sentinel-3B for Cycle No. 033-B (period from 02/12/2019 to 29/12/2019). 

The product under consideration is the Level 2 Marine Ocean and Sea Ice Areas (SRAL-L2MA) also 

referred to as S3A_SR_2_WAT that is nominally distributed in near real time (NRT). This work covers the 

Cal/Val Task SRAL-L2MA-CV-230 (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.  The procedure is described in Appendix A.  The 

procedure composed of a set of self-consistency checks and comparisons against other sources of data.  

Model equivalent products from the ECMWF Integrated Forecasting System (IFS) and in-situ 

measurements available in NRT through 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 Sentinel-3 wind 

and wave products presented in this report are listed below (items in bold are satellite related): 

¶ 16 February 2016: Launch of Sentinel-3A 

¶ 08 Mar 2016: Model change to CY41R2. The main change is the implementation of the 

new 9-km cubic octahedral grid (TCO1279) for the high-resolution 

configuration of IFS. 

¶ 09 April 2016: Switch SRAL to LRM Mode 

¶ 12 April 2016: Switch SRAL back to SAR Mode 

¶ 14 October 2016: Implementation of SRAL processing chain IPF-SM-2 version 06.03 

¶ 17 November 2016: Implementation of SRAL processing baseline (PB) 2.09 which includes 

processing chain IPF versions 06.07 and 06.05 for Level-1 and Level-2, 

respectively. 

¶ 22 November 2016: ECMWF model changed to CY43R1. This change has almost no impact on 

the products assessed here. 

¶ 29 November 2016: ADF SR_2_CON_AX (SM-2) Ver. 006: SAR Sigma0 increased by 0.35 dB 

and PLRM Sigma0 increased by 0.1 dB. 

¶ 05 December 2016: LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŦǳǊǘƘŜǊ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ǇǊƻŎŜǎǎƛƴƎ ŎƘŀƛƴ άSRAL/MWR 

L2 IPF (SM-2) Ver. 06.05έ 

¶ 12 January 2017 Implementation of Level-1 IPF version 06.09. 

¶ 28 February 2017 Implementation of PB 2.10 which includes: Level-1 IPF version 06.10, 

MWR IPF version 06.03 and Level-2 IPF version 06.06. Updated 

calibrations were introduced. 
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¶ 12 April 2017 Implementation of PB 2.12 which includes Level-1 IPF version 06.11 and 

Level-2 IPF version 06.07. The change targeted the generation of Level-

1b-S products with no impact on Level-2 products. 

¶ 11 July 2017 ECMWF model changed to CY43R3. This change has almost no impact on 

the products assessed here. However, it impacted the corrections 

computed from the model fields like dry and wet tropospheric corrections. 

¶ 13 December 2017 Implementation of PB 2.24 which includes: Level-1 IPF version 06.12, 

MWR IPF version 06.04 and Level-2 IPF version 06.106. Relevant changes 

include: aligning ocean Ku-band sigma0 (all modes: LRM, PLRM & SAR) 

Envisat mean value (10.8 dB without the atmospheric attenuation); 

correcting sigma0 for atmospheric attenuation; reducing SAR Ku-band 

SWH overestimation (SAMOSA 2.5 retracker). 

¶ 14 February 2018 Implementation of PB 2.27 which includes: updates of on-ground 

calibration strategy to improve data quality and reduce noise; and direct 

computation of significant wave height from SAMOSA retracker outputs 

in addition to few bug-fixes. 

¶ 04 April 2018 Implementation of PB 2.33. 

¶ 25 April 2018: Launch of Sentinel-3B 

¶ 10 May 2018: Switch Sentinel-3B SRAL to LRM Mode 

¶ 06 June 2018: ECMWF model changed to CY45R1. 

¶ 07 June 2018: Switch Sentinel-3B SRAL back to SAR Mode 

¶ 16 October 2018: End of Sentinel-3B tandem phase with Sentenel-3A 

¶ 23 November 2018 End of Sentinel-3B second drift phase when it reached its definitive orbit 

¶ 06 December 2018 Implementation of Sentinel-3B PB 1.13  

¶ 14 February 2019 Implementation of Sentinel-3A PB-2.45 and Sentinel-3B PB 1.17. This PB 

update is expected to have an impact on significant wave height.  
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¶ 11 June 2019: ECMWF model changed to CY46R1 which includes significant 

improvements to the wave model mainly related swell development. 

  

All ECMWF Integrated Forecast System (IFS) model changes are summarised at:  

http://www.ecmwf.int/en/forecasts/documentation-and-support/changes-ecmwf-model 
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3 Data Processing 

The validation is based on the NRT operational Sentinel-3 (both 3A and 3B) Surface Topography Mission 

Level 2 (S3-A STM L2) wind and wave marine products (S3A_SR_2_WAT) product. For the time being, 

the product distributed by EUMETSAT in netCDF through their Online Data Access (ODA) system is 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 6-hourly time windows centred at synoptic times (00, 06, 12 and 18 UTC). 

The data are then averaged along the track to form super-observations with 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-3 

observations (7 km each). 

To achieve this, the stream of altimeter data is split into short observation sequences each consisting of 

11 individual (1-Hz) observations. A quality control procedure is performed on each short sequence. 

Erratic and suspicious individual observations are removed and the remaining data in each sequence are 

averaged to form a representative super-observation, providing that the sequence has enough number 

ƻŦ άƎƻƻŘέ ƛƴŘƛǾƛŘǳŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ όŀǘ ƭŜŀǎǘ тύΦ ¢ƘŜ ǎǳǇŜǊ-observations are collocated with the model and 

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, which is an extension to the method used for ERS-2 RA 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 missions are also used for verification. On a weekly and a monthly basis, the data are 

verified against available in-situ data in addition to the model data.  Internal weekly and monthly plots 

summarising the quality of Sentinel-3 products for that week or month 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 covering Sentinel-3A Cycle No. 052-A 

covering the period from 22/11/2019 to 19/12/2019 and Sentinel-3B Cycle No. 033-B covering the 

period from 02/12/2019 to 29/12/2019. Note that several plots show results of Sentinel-3A for the same 

period of Sentinel-3B Cycle No. 033-B (02/12/2019 to 29/12/2019) and therefore, a 10-day shifted-

ahead Sentinel-3A cycle is referred to here as Cycle 052-A+10. 
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4 Radar Backscatter and Surface Wind Speed 

4.1 Backscatter 

The Ku-band normalised backscatter coefficient (°̀, Sigma-0 or just backscatter) from Sentinel-3A and 

Sentinel-3B S3x_SR_2_WAT (x=A or B) product seems to be reasonable and compares very well with 

that from other altimeters. The backscatter histograms (or the probability density functions, PDFΩǎ) of 

Sentinel-3A and Sentinel-3B SRAL over the global ice-free oceans for the period from 02/12/2019 to 

29/12/2019 which corresponds to Cycle 033-B of Sentinel-3B and a 10-day shifted-ahead Cycle 052-A of 

Sentinel-3A (will be called here as Cycle 052-A+10) are shown in Figure 1. The PDFΩǎ for Sentinel-3A and 

3B are very similar to each other and both are not much different from those of previous cycles (of 

Sentinel-3B) since the implementation of Sentinel-3A Processing Baseline (PB) version 2.24 and Sentinel-

3B PB version 1.13. Sentinel-3 backscatter PDF compares quite well with those of other Ku-band 

altimeters (after adjusting Jason-2/3 backscatter by about 2.5 dB; not shown). 

 

Figure 1: Sentinel-3A SRAL ocean Ku-band backscatter histogram (PDF) over the whole globe and for the period 

from 02/12/2019 to 29/12/2019 which corresponds to Cycle 033-B of Sentinel-3B and a 10-day shifted-ahead 

Cycle 052-A (052-A+10) of Sentinel-3A. For comparison, the same plot from the previous Sentinel-3B cycle is also 

shown. 

The time series of the global (ice-free ocean only) mean and standard deviation (SD) of backscatter 

coefficients from SRAL of both Sentinel-3A and 3B are shown in Figure 2. To emphasise the long-term 

changes, 92-day 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 shown). The 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 backscatter after the implementation of PB 2.24. As can be seen in Figure 2 the mean backscatter 
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reached the highest value in early April 2018 (end of Sentinel-3A Cycle 029-A). The change of mean and 

standard deviation of the backscatter after the implementation of PB 2.27 on 14 February 2018 are 

within their usual variability. There was an increasing trend of the global mean of the backscatter 

coefficient between December 2017 and September 2018 followed by a decreasing trend for 3 

months. This is followed by an increase between December 2018 and July 2019. Finally, there was a 

decreasing trend from July 2019 till the latest cycle. This is an indication of a seasonal signal. 

Since the implementation of Sentinel-3B PB 1.13 on 6 December 2018, the global mean ocean 

backscatter values from Sentinel-3A and Sentinel-3B are very close with Sentinel-3B value is higher by 

about 0.1 dB. This difference has increased gradually and became about 0.3 dB recently. 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 global ocean at the same time. 

 

Figure 2: Time series of global mean (top) and standard deviation (bottom) of backscatter coefficient of SRAL Ku-

band from both Sentinel-3A and Sentinel-3B after quality control. Mean and SD are computed over a moving 

time window of 7 days and are shown as thin lines. The 92-day running means are shown as thick lines. 
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4.2 SAR Mode Surface Wind Speed 

Figure 3 shows the global SAR wind speed PDFΩǎ of Sentinel-3A for Cycle 052-A+10 (Cycle 052-A shifted 

ahead by 10 days to cover the same period as that of Sentinel-3B Cycle 033-B) and of Sentinel-3B for 

Cycle 033-B. The PDF of the previous Sentinel-3B cycle is shown for comparison. The PDFΩǎ of the 

corresponding ECMWF Integrated Forecast System (IFS) model wind speed collocated with Sentinel-3 

during the same cycles are also shown. The PDFΩǎ of Sentinel-3A and 3B wind speed are close to those of 

the model (as well as the other altimeters; not shown). However, there are few deviations mainly 

around the peak of the PDF. ¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ t5CΩǎ ƻŦ ōƻǘƘ ŀƭǘƛƳŜǘŜǊǎ ƛǎ Ƴŀƛƴƭȅ ŘǳŜ ǘƻ 

geographical sampling since a common period is utilised. 

 

Figure 3: Sentinel-3 SRAL SAR surface wind speed PDFΩǎ over the whole global ocean and for the period from 

02/12/2019 to 29/12/2019 which corresponds to Cycle 033-B of Sentinel-3B and a 10-day shifted-ahead Cycle 

052-A (052-A+10) of Sentinel-3A. The corresponding ECMWF (collocated with Sentinel-3) PDFΩǎ are also shown 

for comparison. ¢ƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ t5CΩǎ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ Sentinel-3B cycle are also shown as dashed lines. 

Collocated pairs of altimeter super-observation and the analysed (AN) ECMWF model wind speeds are 

plotted in a form of a density scatter plot in Figure 4 for the whole global ocean over the period from 

02/12/2019 to 29/12/2019 which corresponds to Sentinel-3A Cycle 052-A+10 in panel (a) and to 

Sentinel-3B Cycle 033-B in panel (b). The scatter plots in Figure 4 and other similar wind speed scatter 

plots that appear hereafter represent two-dimensional (2-D) histograms showing the number of 

observations in each 2-D bin of 0.5 m/s ³ 0.5 m/s of wind speed. The agreement between Sentinel-3 

winds and their model counterpart is very good with virtually no bias (around 0.2 m/s for Sentinel-3A 

and around 0.0 m/s for Sentinel-3B) when the whole globe is considered. SAR wind speed products from 

both altimeters are as good as (or slightly better than) their counterparts 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 about 1.06 and 1.05 m/s for Sentinel-3A and Sentinel-3B, respectively. The scatter 

index, which is defined here as the ratio between the SDD and the model mean, is around 14% for both 

altimeters. Other statistics are shown in the offset of the two panels of Figure 4. 
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(a)

     

(b)

     

Figure 4: Global comparison between Sentinel-3 SRAL and ECMWF model analysis surface wind speed values 

over the period from 02/12/2019 to 29/12/2019 which corresponds to a 10-day shifted-ahead Cycle 052-A (052-

A+10) of Sentinel-3A (a) and Sentinel-3B Cycle 033-B (b). The number of collocations in each 0.5 m/s x 0.5 m/s 2D 

bin is color-coded as in the legend. The crosses are the means of the bins for given x-axis values (model) while 

the circles are the means for given y-axis values (Sentinel-3). 
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The scatter plots for Sentinel-3 SAR wind speed versus the model collocations discriminated based on 

their geographical locations whether in the Northern Hemisphere (north of latitude 20̄N; NH), the 

Tropics (between latitudes 20̄S and 20̄N) or the Southern Hemisphere (south of latitude 20S̄; SH) are 

shown in panels (a), (b) and (c) of Figure 5, respectively, for Sentinel-3A and in panels (d), (e) and (f), 

respectively, for Sentinel-3B. Corresponding plots from both satellites compare very well with each 

other. Compared to the similar plots from previous cycles for Sentinel-3A, one can notice a 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 August and vice 

versa during November to March. Further monitoring and analysis are needed to confirm this and 

provide a possible explanation. Regional bias can reach 0.25 m/s, which is still not high. 

The time series of the global mean and standard deviation (SD) of the wind speed from Sentinel-3A and 

Sentinel-3B over a 7-day time window moving by 1 day at a time are shown in the upper and lower 

panels, respectively, of Figure 6. The corresponding time series of the model collocated with Sentinel-3A 

are also shown for comparison. The time series of model collocated with Sentinel-3B are not different 

from the shown ones. To emphasise the long-term changes, 92-day running means are also shown.  

It is clear from Figure 6 that since 6 December 2016 Sentinel-3A mean wind speed is very close to that of 

the model. The global standard deviation of the altimeter measurements has 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 equal. This could not be correlated to any of the processing or model changes (see 

Section 2). The same happened during July and August 2018 (compare the 92-day running means) 

suggesting that this is due to geophysical seasonal effects. Figure 6 does not suggest that PB 2.24 and PB 

2.27 have any impact on wind speed mean and SD. The increasing trend in the Sentinel-3A backscatter 

global mean is reflected as a small decreasing trend in the wind speed global mean between 

December 2017 and September 2018. This trend was reversed from September to December 2018 

(when the trend in backscatter was reversed). Between December 2018 and July 2019, the slight 

increasing trend in backscatter coefficient is reflected marginally as decreasing trend in wind speed. 

The trend has then reversed. Similar trend can be seen for the model wind speed. Therefore, this may 

be a geophysical signal. However, the difference between Sentinel-3A and Sentinel-3B started to 

increase recently although the difference is still very small. Sentinel-3B is following the model while 

Sentinel-3A is slightly off. 

Since 6 December 2018 when Sentinel-3B PB 1.13 was implemented, Sentinel-3B wind speed Sentinel-

3B wind speed compares very well with that of Sentinel-3A and that of the model both in terms of the 

global mean and the global standard deviation as can be seen in the lower panel of Figure 6. Note that 

Sentinel-3B mean wind is closer to the model mean than that of Sentinel-3A. The latter is higher by 

about 0.15 m/s which is a relatively small difference. Sentinel-3B SD of wind speed is the lowest. The 

difference has been reduced recently. 
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(a)

              

(d)

    

(b)

              

(e)

    

(c)

              

(f)

    

Figure 5: Same as Figure 4 but for Northern Hemisphere (north of 20̄ N), Tropics (20̄ S - 20̄  N) and Southern 

Hemisphere (south of 20̄ S), respectively. Sentinel-3A plots on the left-hand side while S-3B plots on the right.  
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Figure 6: Time series of global mean (top) and standard deviation (bottom) of wind speed from SRAL Ku-band 

after quality control from both Sentinel-3A and Sentinel-3B. The collocated model wind speed mean and SD are 

also shown. Mean and SD are computed over a moving time window of 7 days (shown as thin lines). The 92-day 

running means are shown as thick lines. 

 

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

of the difference (SDD) of Sentinel-3A SRAL compared to the ECMWF model AN are shown in the upper 

and lower panels, respectively, of Figure 7. Since the implementation of PB 2.09 (including the 

adjustment of sigma_0) in early December 2016, there is virtually no bias between Sentinel-3A and 

model winds. Although the global bias is almost zero, there are small regional biases within °0.5 m/s. 

The wind speed bias in each hemisphere follows a seasonal pattern. The bias has its minimum during 

the hemispheric summer while its maximum is attained during the hemispheric winter. The SH bias 

pattern is off-phase with respect to the NH pattern with smaller amplitude. The bias in the Tropics is 

constant at about 0.1 m/s. 

Figure 7 also shows that since early December 2016 (implementation of PB 2.09), Sentinel-3A 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 (not shown). The extra-tropics 

hemispherical SDD values 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).  
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Figure 7: Time series of weekly wind speed bias defined as altimeter - model (top) and standard deviation of the 

difference (bottom) between Sentinel-3A SRAL Ku-band and ECMWF model analysis. 

The time series of the wind speed weekly bias and SDD of Sentinel-3B compared to the ECMWF model 

AN are shown in the upper and lower panels, respectively, of Figure 8. Since 6 December 2018 with the 

implementation of Sentinel-3B PB 1.13, Sentinel-3B winds have been virtually unbiased with lower SDD 

values compared to the model. Sentinel-3B wind speed bias and SDD are very close to those of Sentinel-

3A (about zero bias and slightly above 1 m/s SDD). 

Figure 6 and Figure 7 do not show any impact that might be caused by the implementation of Sentinel-

3A PB 2.10 which was introduced on 28 February 2017. However, the positive impact is clear when the 

SDD between SRAL and ECMWF model is compared to SDD values of other altimeters. On the other 

hand, PB 2.24 and PB 2.27 do not seem to have any impact on the bias and the SDD between SAR and 

model wind speeds according to Figure 7. However, comparison with respect to the same plots from 

other altimeters (not shown here but can be found in the 2017 annual report), suggests that PB 2.24 

may be responsible for a minor improvement in Sentinel-3A SAR winds. 

The impact of the processing chains Sentinel-3A PB 2.45 and Sentinel-3B PB1.17, implemented 

operationally on 14 February 2019, is neutral. 
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Figure 8: Same as Figure 7 but for Sentinel-3B. 

 

The geographical distribution of the mean Sentinel-3A wind speed and the wind speed bias, SDD and 

scatter index (SI, defined as the SDD divided by the model mean and expressed in percentage in the last 

panel) with respect to the ECMWF model averaged over the period of Cycle 052-A+10 are shown in 

Figure 9. The corresponding maps from Sentinel-3B Cycle 033-B are shown in Figure 10. While the mean 

wind speed, the SDD and SI distributions all look similar to their counterparts from other altimeters (not 

shown), the bias in panel (b) of both Figure 9 (Sentinel-3A) and Figure 10 (Sentinel-3B) is rather low 

almost everywhere. 

The comparison against in-situ (mainly buoys located in the Northern Hemisphere around the American 

and European coasts) measurements is shown in panels (a) and (b) Figure 11 for Cycle 052-A+10 

(Sentinel-3A) and Cycle 033-B (Sentinel-3B), respectively. The overall bias values against in-situ 

observation for Sentinel-3A and Sentinel-3B are about 0.2 and 0.3 m/s, respectively. The SDD (a proxy to 

the random error) values are around 1.59 m/s and 1.57 m/s for Sentinel-3A and Sentinel-3B, 

respectively, which are about 14.7% and 14.9% of the mean for Sentinel-3A and Sentinel-3B, 

respectively. These values are similar to the corresponding statistics emerging from the comparison of 

other altimeters against in-situ observations (not shown). 

 




































































