Reconstruction of dynamic processes in the Baltic Sea
using the synergy of satellité"images and in situ data..  4pasmon
supported by numerical modeling and Al methodirst =~ “
outcomes from 4DBaltDyn project.
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Modern satellite data

+ powerful and unprecedented tools for monitoring the marine
environment at globalandlocalscale

- but observationare limted to the sea surfacglimited knowledge




Modern satellite data

+ powerful and unprecedented tools for monitoring the marine
environment at globalandlocalscale

- but observationarelimted to the sea surface

(limited knowledge)

ocean surface-0m

Needfor data | %
throughout the entire water column

Mesopelagic zone

about 1000 m

Bathypelagic zone

about 4000 m

Abyssopelagic zone

about 6000 m §

Hadopelagic zone

Source: NOAA



Needfor datathroughout the entire water column

Mathematicalmodelling of the marine environment
+ provided information through A

the entire water column p  oxea

- but models are stillnot identical to reality, PHTOPLANKTON | s |
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Modern satellite data

+ powerful and unprecedented tools for monitoring the marine
environment at globalandlocalscale

- but observationarelimted to the sea surfac€limited knowledge

Needfor datathroughout the entire water column

Mathematicalmodelling of the marine environment
+ provided information through the entire water column
- but models are still not identical to reality are not measurements

Synergy of satellite measurements with modedsd in situmeasurements can offer
A comprehensive and reliable picture of the marine environment
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Modelsused in the project

EcoFish

CEMS

EcoPuck
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3D
CEVIBS

BSIOM
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Large amounts of satellite data:
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Useof in situ datac required
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Theattempts to determine profiles from surface values
the SOCA approach

4D BALT

% Generating 4D fields of BGC parameters with a

machine learnin roach o
e
*  Multi-Layer perceptron trained oadGCArgo
profiles andremote sensing ocean colour phyS|Ca| Argo SOCA model
% Generation based on theame ocean coloyr BGCArgo
and 4D fields ofimulated physical parameters
Inputs: 3 main components Hidden layers Output: Vertical distribution of by, and Chl

rface components: \ / \ Ocean
o Remote sensing reflectance (Rrs) (A =412,
443,490, 555, and 670 nm) N i\ 36 ... values CO I our 4 D B G C
o Sealevel anomaly (SLA) S A\ Zbp S O CA mo d el
o Photosynthetically available radiation (PAR) Ve i (36 vertical levels from surface to = d ata
{ AN, \

. 1000m depth) P hyS I Cal
Vertical components: . N\ AN e
Derived inputs from Temperature and %@ = "-,( \ o .//-}4 mOd el
salinity profiles 3 ) e
50 Chl values
g ) (50 vertical levels from surface to
Spatio-temporal components: 2 / 1.5 times ZNORM depth)

Day of the year (cycles transformation)

o Latitude/Longitude (cartesian

transformation) \ /




SOCA T example of the result (Chl-a)
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Another approachfor the reconstructionof chl-a profiles

-step 1: Mathematicakepresentationof chl-a profiles for the Baltic

2024-04_p116.csv

Best Model by AIC: 4-Gaussian

2024-04_ZN2.csv

Best Model by AIC: 4-Gaussian

Best Model by AIC: 2-Gaussian

2024-04_ZN2a.csv

04 @ BinnedData @ Binned Data 07 'g Binned pata
@ Shallow Aggregated Point - Shallow Aggregated Point Shallow Aggregated Point
—— 4.Gaussian (R*=0 9868, RMSE=0 4813) 4.Gaussian (R*=0.0948, RMSE=0 3701) 2-Gaussian (R*=0.9906, RMSE=10716) .‘
20 4 4
6
E E E
< 401 < F=3
2 £ 8 2
v o I
a a a
10
121 e
80 1 14 4
0 2 4 6 8 10 12 14 15 20 25 30 35 0 5 10 5 20 25 30 35
Total conc, Total conc. Total conc.
2024-04_ZN2b.csv 2024-04_ZN2c.csv 2024-02_92a_l.csv
Best Model by AIC: 4-Gaussian Best Model by AIC: 4-Gaussian Best Model by AIC: 4-Gaussian
0
07 @ BinnedData 04 @ BinnedData
@ Shallow Aggregated Point @ Shallow Aggregated Point
—— 4-Gaussian (R*=0.9976, RMSE=0.2989) 24 —— 4-Gaussian (R*=0.9907, RMSE=00746) e
54
41 10
- - 151
E E E
= = =
- 2 87 2 20
@ b3 @
(=} o =}
10 1 254
12 30 4
14 1 @ Binned Data 35 4
@ Shallow Aggregated Point
— 4-Gaussian {R?=0.9911, RMSE=0.3347)
0 5 10 15 20 12 14 16 18 20 22 24 1.0 15 2.0 2.5
Total conc. Total conc. Total conc.
2024-02_92a_2.csv 2024-02_92a_3.csv 2024-02_boja.csv
Best Model by AIC: 4-Gaussian Best Model by AIC: 4-Gaussian Best Model by AIC: 4-Gaussian
04 L ) 0+ @ Binned Data
@ Shallow Aggregated Point ) ©
— 4-Gaussian (R*=0.9930, RMSE=0.0748)
5
10
- — 159 =
E E E
= = =
) B 20 s
© 3 @
(=} o =}
254
304
@ Binned Data 35 @ Binned Data
354 @ Shallow Aggregated Point 1 50 4 @ Shallow Aggregated Point
= 4-Gaussian (R*=0 9880, RMSE=0.0963) = 4-Gaussian (R*=0.9829, RMSE=01113)
05 10 15 2.0 2.5 3.0 0.5 10 15 2.0 25 3.0 05 1.0 15 20 25 30 35 40 45
Total conc Total conc. Total conc.

Depth (m)

Depth (m)

Depth (m)

2024-04_p104.csv
Best Model by AIC: 4-Gaussian

2024-04_p104b.csv
Best Model by AIC: 3-Gaussian

2024-04_p104c.csv
Best Model by AIC: 4-Gaussian

@ Binned Data °
Shallow Aggregated Point ?
— 4Gaussian (R°=0.9290, RMSE=02122) @80 pSe7]

70 4

30 1

E E
E E
8 8
& @
a a
@ Binned Data @ Binned Data
Shallow Aggregated Point Shallow Aggregated Point
80 4 —— 3-Gaussian (R*=09843, RM5E=0.3583) 60 4 4-Gaussian (R*=0 9910, RM5SE=0.5403)
40 45 50 55 60 65 7.0 2 4 6 8 10 12 0 5 10 15 20
Total cong., Total conc, Total conc,
2024-04_pl110.csv 2024-04_pllOc.csv 2024-04_pll0d.csv
Best Model by AIC: 2-Gaussian Best Model by AIC: 2-Gaussian Best Model by AIC: 4-Gaussian
07 @ Binned Data °
@ Shallow Aggregated Point
—— 4-Gaussian {R?=0.9827, RMSE=0.7960}
E E
= =
a a
o @
a a
@ Binned Data @ Binned Data
@ Shallow Aggregated Point 601 @ Shallow Aggregated Point
— 2-Gaussian (R*=0.9472, RMSE=16211) — 2-Gaussian (R*=0.9768, RMSE=0.4072)
T T T v T T r T y - - 30 - T T T r r d T
0 5 10 15 20 25 6 8 10 12 14 00 25 50 75 100 125 150 175
Total conc. Total conc, Total conc.,
2024-04_pllédc.csv 2024-04_pll5.csv 2024-04_pll5d.csv
Best Model by AIC: 4-Gaussian Best Model by AIC: 2-Gaussian Best Model by AIC: 4-Gaussian
0
»
24
44
6
B E
< F=3 84
a a
8 8
10
12
14
@ Binned Data 50 @ Binned Data L4 @ Binned Data
@ Shallow Aggregated Point 7 @ Shallow Aggregated Point L @ Shallow Aggregated Point
—— 4.Gaussian (R*=0 9931, RMSE=07033) —— 2-Gaussian (R*=0 9790, RMSE=2 0712) 16 —— 4-Gaussian (R*=0 9624, RMSE=0 3361)
0 10 20 30 40 10 20 30 0 50 60 6 7 8 9 1 1 12
Total conc Total conc Total conc




Step 2:rreconstruction of profiles from surface valuefasedon Chla(Om)NdayofYeay..)

-examplesof successfuletrieval
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X gl manyunsuccessfuteconstructionsX Work in progress
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Improvement of the satellite retrieval othla values
- better values of surface parameters assimilated into the modélstter results

Chla- applied algorithm to OCI data
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Satellite Altimetry Performancet4 Ol _grid

Comparison with TG only in BS region )
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OceanCirculationfrom SWOTcomparedto CMEMS

CMEMS DUACS SLA Transect (Mean Removed)
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Models Performance SSH
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4D BALT
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Examples of visual comparison of differences between delivepedducts

HDM data with TG Ratan nr 105 i thed)
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Sea Surface Salinity
- SMOS L3/L4 product (202019) daily data,
- ESAfunded Baltic+ Salinity project 202820

SSS L3 (0.2%0.25)

May 2011

SSS L2X0.05)




May 2011
SSS L4 (0.050.05)

BSIOM (0.02280.045)
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Assimilation/nudging of SSS data into BSIOM

SMOS L3/L4 product (202D19) daily data, ESlAnded Baltic+ Salinity project 202820

SD28 Salinity 2011-2024
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determine the vertical salt flux with respect to large scale atmospheric circulation

patterns and circulation of the Baltic Sea




Summary

A Modern satellite data and models can determine marine
environmental parameters witloften comparable accuracy;

A Combiningthem can further enhance the quality and reliability of
these estimates.

A 4D reconstruction of Baltic ocean dynamics and biogeochemistr
by integration of EO anchodellingshould further improve our
understanding of the complex interactiobstween physical,
biological and biogeochemical processes

A Salinity dynamics and the circulation of the Baltic See
A Mesocale proceses in the Baltic Sea

A Landsea interaction case study: Land impact on
the dynamics of blueggreen algae blooms

A Sea level dynamics at the coast
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Cyanobacteria

RS algorithm for retrieval oPhycocyanirconcentration(well-establishedmnarker ofcyanobacteria

PC [mg m™3]

chl-a[mg m3]

—=0.02

Gulf of Gdansk area on 5 July 2011

SojaWozniak, M; Craig, SEratzer S; Wojtasiewicz, B;
Darecki, M.; Jones, C2017 A Novel Statistical
Approach for Ocea@olourEstimation of Inherent

Optical Properties and Cyanobacteria Abundance in
Optically Complex Waters. REMOTE SENSING Volume
Issue: 4, Article Number: 343, DOI: 10.3390/rs9040343



