
FenoglioL1,2, Rivera M.1, Chen J.1, Abdullah F.1,  MorholzV3, BuchhauptC 4, YoosiriP4, JakackiJ5, 
EllmannA6, Depeche-EllmannN6, GraeweU3, Faber J3, RenzelmannH3, BulczakA 5, DareckiM5, Rack 
D5, Lehmann A7, Dzierzbicka-Glowacka5, JaneckiM 5, DybowskiD5, BretagnonM 8, BertinoL10, CatanyR
9, Prat A9, JutardQ9, BryereP9, Sabia R11

1) University Of Bonn Germany, 2) Chalmers University of Technology Sweden, 3) Leibniz-Institute for Baltic 
Sea Research Warnem¿ndeGermany, 4) University of Maryland, ColleguePark US, 5) IOPAN, Sopot Poland 
6) Tallin Technical University Estonia, 7) GEOMAR Kiel Germany, 8) ACRI-ST France, 9) Albavalor, Spain 10) 
NERSC Norway, 11) ESA, Italy

Monitoring coastal and land -sea interactions of water 
topography from merged SAR nadir - and SWOT-altimeters



   

WP2

4DBaltDyn PM4

1. Introduction 

2. Data

3. Methodology 

4. Validation of AT, grids 

5. Results for  two study cases 

6. Conclusions and Outlook 

Outline  

Fig 1. Region of analysis
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1. Produce new along-track nadir-altimetry data in 2016-2024 

 1. FFSAR 80 Hz (S3A/B, S6)

 2. RADS    1 Hz  (S3A/B, S6, Saral Altika, J3, C2, SWOT)

 3. SWOT L3 v2.0.1 

 4. in-situ gauges and moorings 

 5. public daily grids CMEMS : SEALEVEL_EUR_PHY_L4_MY_008_068/cmems_obs-sl_eur_phy- 

  ssh_my_allsat-l4-duacs-0.125deg_P1D/2023/04, MIOST grids L3 v2.0.1

2. Produce daily grids in 2016-2024 

 Format grid: CMEMS format (0.125 deg, daily) 

 Interval:  Jan 2016 ï Dec. 2024  
 public daily grids CMEMS/DUACS SEALEVEL_EUR_PHY_L4_MY_008_068/cmems_obs-sl_eur_phy-ssh_my_allsat-l4-duacs-

    0.125deg_P1D/2023/04, 

    MIOST grids L3 v2.0.1

 

2.1 Grids 

  AT SAR data nadir only (S3A, S3B and S6) FFSAR-omegak(UB), UFSAR (TERP-SAR-UM)

  AT SAR data nadir only (S3A, S3B and S6) RADS  

  AT SAR data nadir (all) RADS

  

2.2 Grids of merged AT and SWOT 

 grids from AT SAR data nadir (S3A, S3B and S6) and SWOT (cal/val and science)

 grids from AT SAR data nadir (all RADS) and SWOT

2. Data   
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Temp res.= 1 day
Time Window 
= April 2023
Zonal decorrelation 
Lx, Lt = 2 deg
Temporal decorrelation 
Lt = 15 days
Noise = 5%

Sea Surface Height Anomaly (SSHA)
Along Track

Set Up OI 
Parameters

hǳǘǇǳǘ 

Reformat

Covariance Matrix Ȱὄέ

From it = tmin
To it = tmax
By time  res.

ώ  Ὄ ὼ  ‭

Ȱ◐ȱ real world obs.

ȱ●╪ȱ Estimated State

9ǊǊƻǊ aŀǘǊƛȄ άὙȱ /a9a{ 5¦!/{ ƭƛƪŜ

Input

How different 
points relate

Expected Noise

How much 
trust

Observation Operator ȰὌȱ

Solve Weights
ὑ  ὄ Ὄ Ὄ ὄ Ὄ  Ὑ

Daily grid SLA

/ƻƳǇǳǘŜ hL
●╪  ╚ ◐

OPTIMAL 
INTERPOLATION

1. Mapping SLA through Optimal Interpolation (OI)

OI From Data Ocean Challenge: https://github.com/ocean-data-challenges/2021a_SSH_mapping_OSE 

3. Methodology Optimal Interpolation (OI)

Fig 2. Flow chart of method OI  with choice of OI parameters (Lt, Lx, Ly)
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4. Validation pointwise and spatial

4.1 Along-track

4.2 Grids

 4.2.1 Pointwise 

  in-situ (moorings, tide-gauges)

  grids 

 Spatial 

  4.2.2 transect

  4.2.3 grids 

 



4.1 Validation of AT (-nadir and SWOT vrs TG) 

Fig. 3 

AT S3AB, S6 vrs TG

S3A (8 reg) 10-20cm

SWOT L2LR2.0Exp (5 reg)

L3LRSSHnoiseless < 10 cm

L3 LR unsmoothed < 10 cm



   

WP2

4DBaltDyn PM4

4.1 Validation of AT 
FFSAR 80 Hz along-track nadir-altimetry data in 2016-2024, FFSAR-omegak(UB)

UFSAR 20 Hz (TERP-SAR-UM)

RADS      1Hz (RADS database

Validated FFSAR, TERP-SAR vrs BalticSeal along-track

 

CƛƎ пΦ BalticSeal,  FFSAR retracked with SAMOSA+ and UFSAR (TERP-SAR-UM) numerical retracker 



4.1 Validation of AT SWOT
SWOT wide-swath altimeter data from April 2023 to December 2024

Fig 5. Products and Flags. Cal/Val phase pass 3  



Fig 6.FFSAR retracked with SAMOSA+, RDSAR, TERP-SAR and SWOT vrs TG (best with SWOT stdd 6 cm) 

4.1 Validation of AT (vrsTG)



4.1 Validation of AT SWOT vrs in-situ pointwise

L3 SWOT vrs in-situ moorings (stdd 5 cm) 
L3 SWOT vrs regional ocean model (stdd 4-5 cm) 

Fig 7. Central Baltic SWOT 



CƛƎǳǊŜ уΥ ŀǘ ƳƻƻǊƛƴƎǎ w!5{πhLΣ /a9a{ 5¦!/{ ŀƴŘ aƻƻǊƛƴƎǎ ŀǘ DƻǘƭŀƴŘ bƻǊǘƘ 9ŀǎǘ όDh/9ύΦ [ǘ мр Řŀȅǎ όΦ hL ŀƴŘ /a9a{ 
5¦!/{ όǎǘŘŘ м ŎƳύΣ ƎǊƛŘǎ ŀƴŘ aƻƻǊƛƴƎǎ όǎǘŘŘ о ŎƳύΦ  !ǇǊƛƭ нлноΦ 

2. How good is the mapping

Comparison of Time-Series at grid points (1-2 cm) and mooring (2-3 cm). 

4.2 Validation of grids (vrs in-situ 4.21 & grids 4.22)  



Fig 9. Daily Sea Level Anomaly comparison of OI RADS (red), FFSAR 1Hz (purple) and Tide Gauges (orange). 

4.2.1 Validate GRIDS vrs in-situ gauges 
Tide Gauges vrs OI RADS and OI FFSAR, STDD : 8- cm



4.2.2 Validation of grids along transects
swot_products/l3_karin_nadir/l3_lr_ssh/v2_0_1/Expert/cycle_499/*_014*

          

CƛƎΦ млΦ hL ƎǊƛŘǎ ŀƴŘ {²h¢ [о



2. How good is the mapping4.2.2 Validation of grids along transect  
III. Evolution of Grids in Gotland Basin from RADS-OI, CMEMS and SWOT L3 Expert

Is the structure stable within 7 days?  

Fig 17: Along Transect SLA Profile of OI vs CMEMS DUACS vs SWOT L3 Expert (mean removed).
from 2023 -04 -20 to 2023 -04 -26  on Gotland Basin.  

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

Figure 11 CMEMS DUACS reproduce a less defined structure at the beginning.  
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Station Corr Std diff (m) Bias (m)

OI RADS 

VS 

Tide Gauge 

(no tide)

ONSALA 0.50891 0.14108 0.01300

VISBY 0.81351 0.08804 0.01963

LANDSORT NORRA 0.80141 0.09345 0.01252

OI FFSAR 1Hz 

VS 

Tide Gauges 

(no tide)

ONSALA 0.35943 0.16522 0.01196

VISBY 0.77756 0.09486 0.02780

LANDSORT NORRA 0.78828 0.09624 -0.00299

CMEMS DUACS

Vs

Tide Gauge 

(no tide)

ONSALA 0.55167 0.13777 0.02272

VISBY 0.83554 0.08337 0.02878

LANDSORT NORRA 0.84038 0.08478 0.03010

Table 1. 

Statistics (corr, stdd, bias) for SLA OI FFSAR 1Hz, OI RADS, CMEMS vs. Tide Gauges 2023.01.01 to 2023.09.08.

4.2.1 Validation of grids not including SWOT vrs TG
Tide Gauges vrs OI RADS and OI FFSAR, STDD : 8-14 cm



2. How good is the mapping4.2.1 Grids merging AT-altimeters and SWOT data 
Validation against gauges : the standard deviation differences decreases. 

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

CƛƎǳǊŜмнΦ5ŀƛƭȅ{[!ŦƻǊ/ŀǎŜлόǊŜŘΣDwǾнΦлύΣ/ŀǎŜмŀόǇǳǊǇƭŜΣDCǾпΦмŀύΣ/ŀǎŜнŀόƎǊŜŜƴΣDCǾпΦнŀύŀƴŘ¢ƛŘŜDŀǳƎŜǎόƻǊŀƴƎŜΣǘƛŘŜ
ǊŜƳƻǾŜŘύŦƻǊ±L{.¸ōŜǘǿŜŜƴнлноΦлпΦлмŀƴŘнлноΦлтΦлфΦ/ŀǎŜлǊŜŦŜǊǎǘƻw!5{оŀōсŀǎŀŎнƧоΣ/ŀǎŜмŀǊŜŦŜǊǎǘƻCC{!wоŀōсŀҌ
/a9a{ǎŀŎнҌ{²h¢оŀōсŀŀƴŘ/ŀǎŜнŀǊŜŦŜǊǎǘƻw!5{оŀōсŀǎŀŎнƧоҌ{²h¢оŀōсŀŘǳǊƛƴƎŎŀƭκǾŀƭǇƘŀǎŜΦ



2. How good is the mapping4.2.2 Validation of grids including y/n SWOT vrs TG

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

Table 1. Statisticsof differences(mean, std, rms)  on 2023-04-23 wrt CMEMS DUACSand wrt SWOT-only.
Agreementbetweeen SWOT-only and CMEMS (3 cm)
Best agreementwith CMEMS iswith CASE0 (betweenCASE0, 1a, 1b) (1-2 cm)

Best agreementwith SWOT-only iswith CASE2A (FFSAR+AT-CMEMS+SWOT) (1-2 cm)

Dataset A Dataset B Mean Diff (m) Std Dev (m) RMS (m)

swot cal val case 0 0.023578 0.028487 0.036979

swot cal val case 1a -0.008243 0.019112 0.020814

swot cal val case 2a -0.005569 0.017413 0.018282

swot cal val cmems duacs -0.016244 0.022672 0.027890

swot cal val cmems miost -0.025533 0.022425 0.033983



   

WP2

п5.ŀƭǘ5ȅƴ taп

4.2 Validation of grids pointwise and spatial

Along-track STDD (SWOT < 10 cm, AT 10-20 cm) 

Grids

 Pointwise 

  in-situ (moorings, tide-gauges) 10-20 cm

  grids 

 Spatial 

  transect

  grids  1-2 cm case 1a (FFSAR + SWOT) 

 



2. How good is the mapping5.1 Case Study- western Baltic: 20 October 2023 

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

SWOT SF Interp vs Case 2b (RADS 3ab 6a sa c2 j3 + SWOT cal val 3ab 6a) 

17-18 OctoberSWOT ноπнп hŎǘƻōŜǊ



2. How good is the mapping5.1 Case Study- western Baltic: 20 October 2023 

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

Dataset A Dataset B Date Mean Diff (m) Std Dev (m) RMS (m)

swot science Interp case 0 2023.10.17 -0.001758 0.053071 0.053100

swot science Interp case 1b ,, 0.004181 0.021953 0.022348

swot science Interp case 2b ,, 0.003825 0.029665 0.029911

swot science Interp case 0 2023.10.18 0.063853 0.112689 0.129523

swot science Interp case 1b ,, 0.052355 0.072836 0.089700

swot science Interp case 2b ,, 0.061521 0.107795 0.124115

swot science Interp case 0 2023.10.23 -0.007681 0.026382 0.027477

swot science Interp case 1b ,, -0.024551 0.018990 0.031039

swot science Interp case 2b ,, -0.027404 0.018273 0.032938

swot science Interp case 0 2023.10.24 0.044566 0.082596 0.093852

swot science Interp case 1b ,, 0.002915 0.050650 0.050733

swot science Interp case 2b ,, 0.004180 0.055045 0.055203

Table 3. Summary of sea level anomaly (SLA) differences on October 2023 between  SWOT science phase and 
Cases 0, 1b, and 2b. The table reports the mean difference, standard deviation, and root mean square (RMS) of 
the difference over the study area.
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5.2 Case study : 18-31 December 2023

 



2. How good is the mapping5.2 Case study : 18-31 December 2023

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

SWOT SF Interp vs Case 0(RADS 3ab 6a sa c2 j3) 

18-19 December нфπол 5ŜŎŜƳōŜǊ



2. How good is the mapping5.2 Case study : 18-31 December 2023

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

SWOT SF Interp vs Case 1b(FFSAR 3ab 6a + CMEMS sa c2 + SWOT cal val 3ab 6a)  

18-19 December 29-30 December



нΦ Iƻǿ ƎƻƻŘ ƛǎ ǘƘŜ ƳŀǇǇƛƴƎ5.2 Case study : 18-31 December 2023

TO KEEP IN MIND: CMEMS DUACS along transect is flatter.

SWOT SF Interp vs Case 2b(RADS 3ab 6a sa c2 j3 + SWOT cal val 3ab 6a)  

18-19 December 29-30 December


