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The COPQS project
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COPernicus ALTimetry Service for the Sentinel-3 mission
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Started on May 2022

0QS

eyes on our Ocean

1. Monitoring activities :

S

Validation of the ground processing and final products

Assessment of the overall mission performance
Support for the continuous improvement of the S-3 STM performance

PROGRAMME OF THE
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opermicus @ EUMETSAT =" @esa

“ IMPLEMENTED BY
(opernicus @ EUMETSAT I
, DTU , PP
NOVELTIS ~ Ifremer = TUm magehmm LEGOS | |

Regular monitoring of Sentinel-3 Surface Topography Mission (STM) performance over the oceans

L o~
2. Scientific studies Q >
(via dedicated WP) DLS

| COLLECTE LOCALISATION SATELLITES

A

» WP#2.11: Assess improvements of S3 BC006 in polar ocean (implemented following CMEMS needs)
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IMAGES SATELLITES ABOUT US DATA AND SCIENCE EDUCATION NEWS AND EVENTS

e coverssr /ry

Copernicus Altimetry
Services (COPAS)

SCHEDULE STUDY DOCUMENTS DATA RESOURCES PROJECT MEETINGS CONTACT
_
Kick-Off 09/05/2022
Duration 36 months (with possible extensions until April 2027)

Status: On-going

Activity 1 (on-going) Mission Performance and routine monitoring of altimetry products from Sentinel-3 and Sentinel-6 missions

Scientific Study to Improve the Sentinel-3 Polar Ocean retrievals

(WP#2.1a and WP#2.1b)

Activity 2 (WP#2.1) (completed)

Routine reports (cyclic, quarterly, annual)

WorkPackage reports

WP2.11 Cal/Val BC006.2
Final Report

Reference: CLS-ENVP-RP-25-0237
Issue: 1.1

Daie: December 12, 2025
Contract: COPAS_460000262

CO\QmOonﬁr Ocean

https://www.eumetsat.int/media/53153
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Two main goals for BC006.02 (G62)
1. Improvemets in polar region (as requested by CMEMS) => open/leads continuty

L1 processing changes

2. Non-regression in open-ocean

Range Walk CZT .
New Spectral Weighting Window .
Zero Padding .
Fast Time Complex Calibration .

Dynamic Auto Cal
L1B masking
New CHD --> implied update of sig0 bias

opermicus @ EUMETSAT = @esa

L2 processing changes

SAMOSA+ Waveform retracker
Waveform Classification
SWH correction for vertical wave motion

SAR based wave period and std of vertical wave velocity
(for VWM LUT)

New Sea State Bias Solution
Upper threshold for SWH to 25 m

» More info on BC006.02 CalVal report => https://www.eumetsat.int/media/53153
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'Overviev‘\‘ of CalVal Analysis and Diagnostics

.

CalVal Analysis
1 BC006.2 dataset from mid 2020 to mid 2022
1 1 Hz for open ocean - 20 Hz for polar regions
 Focus on key variables (Range, Sigma0, SWH and SSHA)
1 Comparison with Jason-3

Diagnostics
=  Data availability (missing observations) and validity (editing based of various thresholds)
= Time series

o of BCO06-BCO0O05, for SARM and PLRM
o of SARM-PLRM, for BCO0O5 and BC006

Geobox maps
o forthe same diagnostics

Important
=  Only the subset of most relevant

. . ) diagnostics presented here
= Xover analysis (time series and geobox maps) = More results can be provided if

o Monomission (S3A vs S3A) and Multimission (S3A vs J3) required

Spectral analysis

» More info on BC006.02 CalVal report => https://www.eumetsat.int/media/53153
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Eata avallbillty and validity
—

Available measurements
All nominalin terms of data avialability (no big differences between BC005 and BC006.02 from Jun 2020 to Jun 2022)

Edited measurements

BC_ 006 % of edited ocean measurements BC_ 005 % of edited ocean measurements

std: 30.31

nbr: 1.098e+04 min: 0 mean: 6.063 median: 2.623 max: 100 std: 11.45 nbr: 1.098e+04 min: 0 mean: 18.42 median: 1.962 max: 100

VAL threshold percentage geobox
OPE threshold percentage geobox

60°E 120°E 180° 120°W 60°W

Lower % of points edited in BCOO06 at high latitudes:
» Due to fixed open sea ice flag in BC006.02 (fixed in BC005.02)
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Range BC006 - BC0O05
 SARM average map homogeneous and time series stable

SARM BC_006 - BC_005 SARM BC_006 - BC_005

i LLLIR nan ncuan mnas U
Mean per pass 2.146e+04 0.001532 0.005029 0.005041 0.0124 0.0004686
Mean per day 759 0.004336 0.005019 0.005009 0.005436 0.0001486

nbr: 1.068e+04 min: -0.0169 mean: 0.004999 median: 0.005002 max: 0.0384 std: 0.001156

0.0100 Pass
e - % C62 - P203 C65 -P745 C69 -P517 C73-P289 C77-P60 C80-P602 C84-P374 C87 -P17¢
i T : . = 0.0075 o ‘ 1 ‘ ! = e s
P < B i, . - Mean per pass ‘ ‘ ‘ | -x-~ Mean per day
: ! e : o BRI R - 0.0050 ‘ 3 3 ; ; |
o010/ Mean perday
- 0.0025 o ‘ ! |
5 E
st B F 0.008
E <
& uj
L _0.0025 2 0.006
3
el
~0.0050
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~0.0075
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60“'E 120°E 180° 120°W 60°W B ‘ ‘ ‘ ‘ ‘ ‘
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time
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‘1. Range

Range BC006 - BC0O05
 SARM average map homogeneous and time series stable
* PLRMtime series shows some sort of small positive trend and oscillation

PLRM BC_006 - BC_005 PLRM BC_006 - BC_005

nbr min mean median max std

Mean per pass 2.146e+04 0.00128 0.006329 0.006329 0.0087 0.0004044
Mean per day 759 0.005973 0.006338 0.006317 0.007432 0.0001779
nbr: 1.07e+04 min: -0.03119 mean: 0.00616 median: 0.006248 max: 0.0304 std: 0.001256
: : 0.0100 Pass
le=3 C62 - P203 C65 -P745 C69 -P517 C73-P289 C77-P60 C80-P602 C84-P374 C87-P175
0.0075 —— Mean per pass | ! ! |
- Mean per day {
0.0050
e A
-0.0025 = E
: 2o | R
= =5
00000 X a
55
P4
| _0.0025 & wi ‘ | ‘
044 T o s
2 : : ; i { !
Mean per pass i |
—0.0075 2 - Ik : ;
Mean per day
—0.0100 - —
Jul Oct 2021 Apr Jul Oct 2022 Apr Jul
time
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Range BC006 - BC0O05

* SARM average map homogeneous and time series stable

* PLRM time series shows some sort of small positive trend and oscillation

* SARM box-stat map of range std shows reduced values with some geographical patterns
(results confirmed by spectral analysis — not shown here)

SARM BC_006 - BC_005 (std) Likely combination of two effects:

nbr: 1.068e+04 min: -0.0274 mean: -0.001995 median: -0.002238 max: 0.0261  std: 0.00181 1. O—padding

le-3
. J Reduced variance at low sea-state

2. New weghiting window
O Increased variance at low sea state
L Reduced variance at high sea state

T
N

T
o
dRANGE STD.ALTI

(low sea state => no variance difference):
0-padding counterbalance weighting window
‘ - » Red regions (high sea state => variance reduction):
e e —— positive effect of weighting window

|
N

—_—
L
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Range BC006 - BC0O05

* SARM average map homogeneous and time series stable

* PLRM time series shows some sort of small positive trend and oscillation

* SARM box-stat map of range std shows some geographical patterns

SARM-PLRM

* asc-dsc maps show that the previously observed correlation with along-track wind is corrected in BC006
(Some residual patterns to be further investigated and corrected)

BC_005 SARM -PLRM asc -dsc BC 006 SARM -PLRM asc -dsc

nbr: 1.052e+04 min: -0.1815 mean: -0.0007067 median: -0.00046 max: 0.0778 std: 0.006765
0.03
I»o,oz

r0.01

nbr: 1.051e+04 min: -0.235 mean:-0.0003912 median: -0.0005482 max: 0.0685 std: 0.005632

_SURFACE_HEIGHT_ANOMALYALTI_asc - dSEA_SURFACE_HEIGHT_ANOMALYALTI_dsc

60°E 120°E 180° 120°wW 60°W

_SURFACE_HEIGHT_ANOMALYALTI_asc - dSEA_SURFACE_HEIGHT_ANOMALYALTI_dsc)
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2. Sigmaq

PROGRAMME OF THE
EUROPEAN UNION

Sigma0 BC006 — BCO05 :

* SARM: Stronger difference in high wave areas (stable time-series — not shown)

* PLRM: Slightincrease of difference over time

SARM BC_006 - BC_005

nbr: 1.068e+04 min: -0.11 mean: -0.01351  median: -0.01153 max: 0.415 std: 0.01471

0.06

0.04

- 0.02

- 0.00

—-0.06

60°E 120°E 180°

120°wW

dSIGMAQ.ALTI

dSIGMAO.ALTI.PLRM (dB)

—0.0250

—0.0275 A

—0.0300 A

—0.0325 -

—0.0350 A

—0.0375 +—-

—0.0400 -

—0.0425 A

R (711 1 SO S

PLRM BC_006 - BC_005

median max std
-0.03994 -0.02584 0.00164
-0.03967 -0.03624 0.0009097

nbr min
Mean per pass 2.146e+04 -0.04423
Mean per day 759 -0.04247

mean
-0.0398
-0.03988

Pass
C62 - P203 C65 - P745 C69 - P517 C73-P289 C77-P60 CB80-P602 C84 -P374 C87 -P175

=——_Mean per pass

Meatrper pass |
Meanperday

Jul oct 2022 Apr Jul

time

Jul Oct 2021 Apr
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Sigma0 BC006 —BCO005 :
* SARM: Stronger difference in high wave areas (stable time-series — not shown)
* PLRM: Slightincrease of difference over time
SARM - PLRM
* The patterns correlated to orbital speed decrease near Equator
(but slight increase at high latitudes for BC006)

nbr: 1.069e+04 ~ min: -1.96  mean:-0.01638  median: -0.0141  max: 1.06  std: 0.08126 nbr: 1.067e4+04  min: -1.485 mean: 0.004366 median: 0.009457 max: 1.823  std: 0.07546
0.100 0100
- nm ® o = \v:s i 2
R . fim . P :
0.075 . ‘ : S 3:} =2 0075
- 0.050 ‘ i e +0.050
0,025 e ' ' | 0.025
: ;
S c
oo = 0000 £
@ 5]
8 8
[7=0:025 I -0.025
~0.050 965G
-0.075 -0.075
~0.100 it
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SWH BCO006 - BC005
* SARM stronger differences related to wind and high waves
* PLRM time series shows an unexpected jump (not seen in SARM; associated with PTR discontinuity)

Such instrumental effects uncalibrated in BC005.02 but
accounted for in BC006.02 by the new calibration scheme

SARM BC_006 - BC_005 PLRM BC_006 - BC_005

nbr min mean median max std
Mean per pass 2.146e+04 -0.01117 0.01014 0.01023 0.01666 0.00197

nbr: 1.068e+04  min: -0.343  mean:-0.05253 median: -0.04929 max: 0.553  std: 0.0426 Mean;parday. 722 0:007858 9:08022 00105 0:01657 £:0003374

Pass
C62 - P203 C65 - P745 C69 -P517 C73-P289 C77-P60 C80-P602 C84-P374 C87-P175
—— Mean per pass
0.015 1 -x-- Mean per day
— 0.010 A
E
5 s
p % 0.005 A
= a
. 2
< 0.000 A
=
= |
© _0.005 1
Mean per pass
-oo101-Mean per day

: -0.20 T T T T T T T
60°E 120°E 180° 120°W 60°W Jul Oct 2021 Apr Jul Oct 2022 Apr Jul

time
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SWH BCO006 - BC005

* SARM stronger differences related to wind and high waves

* PLRM time series shows an unexpected jump (not seen in SARM; associated with PTR discontinuity)
SARM - PLRM

* The strong differences correlated to alogn-track-wind- and high-wave- are strongly mitigated in BC006

BC_005 SARM - PLRM BC_006 SARM - PLRM

nbr:'1.069e+04. imin: -0.881 ' mean: 0.04679 « median: 0.04266  max: (0.4665 = std:0.05176 nbr: 1.067e+04  min: -0.728 mean:-0.01157 median: -0.01561 max: 1.589  std: 0.03871

0.100

0.075

I 0.050

I 0.025

- 0.000

dSWH.ALTI
dSWH.ALTI

I —0.025

—0.050
—0.075
—0.100

60°E 120°E 180° 120°W 60°W
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SWH diff BCO05 (SARXPLRM)

swh_ocean 01 ku (m) [X:2.63518 0:1.2446 #1400426)

BCOOS

lin_reg: y=0.957x+0.058)
_ corr:0.990

51:7.085
F15:0.958

DIFF mean:0.0565 std:0.1738

« linear 1x+0

PROGRAMME OF THE .
EUROPEAN UNION oper!
Europe

& SWHSAR x PLRM

» |Improved calibration

v

s @ceumersar - oesa

copernicus.eumetsat.int

Improved SWH relationship for SAR x PLRM

» Vertical wave motioned applied to SAR @20Hz

SWH diff BCG62 (SARXPLRM)

swh_ocean_01_ku (m) [¥:2.40308 o:1.1531 #1308182)

G62

lin_reg: y=1.002x+0.010)
<orr:0.9900

SI:6.833

F1S:0.964

DIFF mean:-0.0147 std:0.1646

« linear 1x40

[9Zp00VT# BTOZ 10 ZL8LG Z:X] (W) wujd 10 ULBI0 Yms

Extra: there is now a 20Hz SWH quality flag present in the product:

quality swh ocean 20 ku (SAR only)

[ZBTBOET# 899T T:0 6LLTY Z:X) (W) Ny wyd 107 U0 YMs
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4.SSHA
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SSHA BC006 - BC0O05
* SARM map shows some patterns in Equatorial area (small differences)
* SARM time series shows small oscillations (higher values in autumn)

Changes in polar areas will be addressed later !

SARM BC_006 - BC_005 SARM BC_006 -BC_005

nbr min mean median max std
, " M 2.146e+04 -0.03277 -0.005742 -0.005873 0.048 0.004491
nbr: 1.066e+04 min: -0.8732 mean: -0.001896 median: -0.006005 max: 1.941  std: 0.04231 Mean perday Sl S Goeas e i
0.010
Pass
5 C62 - P203 C65 - P745 C69 - P517 C73-P289 C77-P60 C80 - P602 C84 - P374 C87 - P175
0.005 ’g 0.05 + ) ) o T 1 ) T ) ) ) —— Mean per pass
- 1 : i - Mean per day
= = .0/ Mean per pass
z 2 -0.6 cm
- 0.000 g 2 0.03 A Mean p r day i *
) =
£ 2 002
& <
- —0.005 2 £ 0.011
b &
w i}
g 0.00 -
g T
o w
00102 2 -0.01+
I w
) 4
] =]
g 3 —0.02 1
I
-0.015 )
4 -0.03 1
kel
Jul oct 2021 Apr Jal oct 2022 Apr Jul
-0.020 time

60°E 120°E 180° 120°wW 60°W
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4. SSHA

SSHA BC006 - BC0O05
SARM map shows some patterns in Equatorial area (small differences)
SARM time series shows small oscillations (higher values in autumn)

SARM-PLRM

Reduced differences in BC006

BC_005 SARM - PLRM

nbr: 1.066e+04 min: -0.124 mean: 0.001412 median: 0.0004786 max: 0.1347 std: 0.007111

0.020
0.015
r 0.010

- 0.005
r 0.000

r —0.005

-0.010

-0.015

-0.020

dSEA_SURFACE_HEIGHT_ANOMALY.ALTI

mesameer opermicus @ EUMETSAT

BC_006 SARM - PLRM

nbr: 1.065e+04 min: -0.1055 mean: 0.0009499 median: 0.0009153 max: 0.157 std: 0.005014

60°E 120°E 180° 120°wW 60°W

0.020
0.015
- 0.010
I 0.005
- 0.000

I —0.005

-0.010
-0.015
-0.020

dSEA_SURFACE_HEIGHT_ANOMALY.ALTI
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4.SSHA

SSHA time series:
SEA SURFACE HEIGHT ANOMALY comparison

* Averages closer to the reference missions _—
C62 - P203 C65-P745 C69-P517 C73-P289 C77-P60 C80-P602 C84-P374 C87-P175

for BC006
. 0.06 -
* The trends are not shown because the time
series are too short o
0.04 -
"E" 0.03 -
<
&
v 0.02 1
0.01
pa BCO005
oo | = B BC006.02
S3A PLRM curves not shown because very close — SSA LRI meas 0057 : Jason-3
to SARM, and make the plot difficult to read . = = e Py = e o o
time
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4. SSHA

S3AJ3 Xovers tseries
(BC0O05 and BC006)

C62 - P203 C65 - P745 C69 - P517 C73 - P289 C77 - P60 C80 - P602 C84 - P374 C87 - P175

Sentinel-3A Jason-3 Crossovers:

* Significantly lower mean on time series

—— Mean per cycle OPE
—— Mean per cycle VAL

* Slightly lower std on time series

—0.004

* Geographical patterns remain similar but weaker than BC005

I
2
=3
=1
®©

SEA_SURFACE_HEIGHT_ANOMALY.ALTI

Jul oct 2021 Apr Jal oct 2022 Apr Jal

BC_005 S3AJ3 Xovers BC_ 006 S3AJ3 Xovers

nbrRIEL69611 mini=0,08T2471 |imean:=0,011674 imedian:-0:012627 Emax:0.01217:7 [75td:10:006603 nbr: 1696  min: -0.2137 mean: -0.005142 median: -0.005187 max: 0.02482  std: 0.007857

0.03
<=

0.02

F0.01

SSHA OPE

-0.03
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Conclusigns: Open Ocean

- Y4
» No regression from BC005
» Significant improvements in mitigating the patterns correlated to along-track wind
» Reduced range noise over high sea conditions

» SSHA shows overall improvement
* Better consistency SAR PLRM
* Better better consistency with Jason-3 (time series and xovers)

Some points to be further clarified
* Spatial behavior of range std BC006 - BC005
* Slight trend in range PLRM BC006 - BC05
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