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Reconstruction of dynamic processes in the Baltic Sea 
using the synergy of satellite images and in situ data 

supported by numerical modeling and AI methods ςfirst 
outcomes from 4DBaltDyn project.



Response tothe Invitation to 
the ESA Tender for 
4DBALTIC-SEA - EXPRO+



Modern satellite data:
+ powerful and unprecedented tools for monitoring the marine 
environment at global and localscale
- but  observation are limted to the sea surface(limited knowledge)  
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Modern satellite data:
+ powerful and unprecedented tools for monitoring the marine 
environment at global and localscale
- but  observation are limted to the sea surface(limited knowledge)  

Needfor data throughout the entire water column

Mathematical modelling of the marine environment:
+ provided information through the entire water column
- but models are still not identical to reality , arenot measurements

Synergy of satellite measurements with modelsand in situ measurements, can offer 

A comprehensive and reliable picture of the marine environment



Models used in the project

CEMS



AT-20Hz altimeter database 1993-2024 including SAR- (2010-2024 delimited by the two blue vertical lines) and laseraltimetry and 
previous LRM missions. The red vertical line indicated the date of the proposal writing

Large amounts of satellite data:



Useof in situ data ςrequired



The attempts to determine profiles from surface values: 
the SOCA approach

× Generating 4D fields of BGC parameters with a 
machine learning approach.

× Multi-Layer perceptron trained on BGC-Argo 
profiles and remote sensing ocean colour.

× Generation based on the same ocean colour, 
and 4D fields of simulated physical parameters.

Physical Argo

Ocean Colour
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SOCA model
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SOCA ï example of the result (Chl-a)

SOCA Model (3D CEMBS)



Another approachfor the reconstructionof chl-a profiles.

-step 1: Mathematical representationof chl-a profiles for the Baltic



Step 2: reconstruction of profiles from surface values(basedon Chla(0m), NdayofYear,..)
-examplesof successful retrieval



ΧΦstill manyunsuccessful reconstructionsΧΦwork in progress
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Chla - applied algorithm to OCI data 

Measuredchla [mg/m3]
Measuredchla [mg/m3]
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applied in operational processing
from 20.04.2016ςtoday (3042 days - 6400 S3 images)

support vector regression 

Improvement of the satellite retrieval of chl a values

 - better values of surface parameters assimilated into the models ς better results



Satellite Altimetry Performance: L4_OI_grid

2016.06.01

Comparison with TG only in BS region

Average 
Standard deviation, [cm]

5 km 14.63

10 km 14.40

20 km 14.23

Average RMSE, [cm]

5 km 17.78

10 km 17.60

20 km 17.41

Average 
Pearson correlation, [%]

20 km 58

*Without StPetersburg nr 149 and Kronstadt nr 148
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L4_OI L4_CMEMS
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OceanCirculationfrom SWOT comparedto CMEMS

Along Transect SLA Profile of OI vs CMEMS DUACS 
(mean removed)

from 2023 -04-20 to 2023 -04-26 on Gotland Basin.  



Models  Performance- SSH

Assimilation Before After

Average 
Standard deviation, [cm]

5 km 6.53 6.37

10 km 6.59 6.44

20 km 6.81 6.67

Average RMSE, [cm]

5 km 10.25 10.27

10 km 10.3 10.34

20 km 10.57 10.62

Average 
Pearson correlation, [%]

20 km 90 91

CEMS MODEL: 150 TG
Before assim:2016.01.01 to 2024.08.01
After assim2016.01.25 to 2023.12.01 

BSION MODEL: 150 TG
(2016.01.01 to 2024.12.31)

Average 
Standard deviation, [cm]

5 km 13.69

10 km 13.84

20 km 13.90

Average RMSE, [cm]

5 km 17.74

10 km 17.81

20 km 17.81

Average 
Pearson correlation, [%]

20 km 61

3D-CEMBS MODEL: 146 TG
(2016.01.01 to 2024.06.30)

Average 
Standard deviation, [cm]

5 km 16.67

10 km 16.67

20 km 16.83

Average RMSE, [cm]

5 km 21.59

10 km 21.35

20 km 21.39

Average 
Pearson correlation, [%]

20 km 39
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CEMS: Before and after assimilation (examples)

2017.04.28 ςBefore 2017.04.28 - After 2017.04.28 ς Difference (mean= -5 mm)cm cm cm

Offshore areas more 
affected by DA
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Examples of visual comparison of differences between delivered products

CEMS

BSIOM

3DCEMBS

L4_OI
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¸                                                      May 2011

¸ SSS L3 (0.25°x0.25°)                                     SSS L4 (0.05°x0.05°)

Sea Surface Salinity
-   SMOS L3/L4 product (2011-2019) daily data, 
 -   ESA-funded Baltic+ Salinity project 2018-2020



¸                                May 2011

¸ SSS L4 (0.05°x0.05°)        BSIOM (0.0225°x0.045° )



Assimilation/nudging of SSS data into BSIOM

SMOS L3/L4 product (2011-2019) daily data, ESA-funded Baltic+ Salinity project 2018-2020



determine the vertical salt flux with respect to large scale atmospheric circulation
patterns and circulation of the Baltic Sea 

Seasonal patterns of average satellite SSS(2012-2019) 



Summary

ÅModern satellite data and models can determine marine 
environmental parameters with, often comparable accuracy; 

ÅCombining them can further enhance the quality and reliability of 
these estimates.

Å4D reconstruction of Baltic ocean dynamics and biogeochemistry 
by integration of EO andmodellingshould further improve our 
understanding of the complex interactionsbetween physical, 
biological and biogeochemical processes

ÅSalinity dynamics and the circulation of the Baltic Sea

ÅMesocale proceses in the Baltic Sea

ÅLand-sea interaction case study: Land impact on 
the dynamics of blue-green algae blooms

ÅSea level dynamics at the coast



Thank you for your attention ! 







Cyanobacteria

RS algorithm for retrieval ofPhycocyanin concentration(well-establishedmarker of cyanobacteria)

Soja-Wozniak, M; Craig, SE; Kratzer, S; Wojtasiewicz, B; 
Darecki, M.; Jones, CT, 2017. A Novel Statistical 
Approach for Ocean Colour Estimation of Inherent 
Optical Properties and Cyanobacteria Abundance in 
Optically Complex Waters. REMOTE SENSING Volume: 9, 
Issue: 4, Article Number: 343, DOI: 10.3390/rs9040343

Gulf of Gdansk area on 5 July 2010


