
 

SatBałtyk system  

as a tool supporting assessment  

of the marine environment 

 

Miroslaw  Darecki 

 

Institute of Oceanology Polish Academy of Sciences 

Sopot, Poland 



Observing         measuring ocean from space 

Chlorophyll a spatial variability  Satellite true color image 



Variability of the cloud fraction in the Baltic Sea region 

(a) spatial distribution of the annual mean (averaged for the years 2010-2015) 

(b) monthly means averaged for different years  

(Finkensieper et al., 2016) 



Global 

meteorological  

model data 

ATMOSPHERIC PARAMETERS 

clouds, AOT, ozone, water vapour 

PHYSICAL PROPERTIES 

OF THE  SEA SURFACE  

temperature SST,  

ice cover ICE,  

solar irradiance E, 

radiation balance NET   

D0 

D1 

D2 

B0 
INITIAL PROCESSING 

B1 
WEATHER MODEL 

pressure (p), wind speed (U10), 

humidity, air temperature, ... 

 B2 MODELS:  

HYDRODYNAMIC, 

THERMODAYNAMIC 

SEA ICE  

  temperature SST, T,  

salinity S,currents v,  

sea level, ice properties 

p, U10, ... 

D3 

Surface chlorophyll a Ca(0), 

Irradiance attenuation Kd(λ), 

chlorophyll depth profile Ca(z), 

nutrients N, P, 

primary production PP 

B3 

 ECOHYDRODYNAMIC 

MODELS 

chlorophyll a, nutrients, 

biomass of different 

taxonomic groups of 

phytoplankton 

D4 
OTHER  IDENTIFIED 

PARAMETERS 

B4 
OTHER PREDICTED 

PARAMETERS 

thermal fronts, upwellings, 

phytoplankton blooms, 

oil spills 

DESAMBEM  DIAGNOSTIC 

SYSTEM  

BALTFOS  PROGNOSTIC 

SYSTEM 

CALIBRATION / VALIDATION 

DATA  
(buoys, ships, shore stations) 

BASIC INPUT DATA: 

Satellite  

VIS, IR1, IR2, 

Microwave 

Routine  

meteo- and 

hydrological  

data 

INITIAL PROCESSING 

BIOOPTICAL PROPERTIES  

OF THE SEA 

thermal fronts, upwellings, 

phytoplankton blooms, 

oil spills 

SATBALTIC 

OPERATING 

SYSTEM 

SST 

SST 

 E, ICE, … 

Ca(0) 

Ca(0) 

different 

paremeters 

 

 

 CURRENT 

structural and 

functional 

properties of  

the sea 

 

 
PREDICTED 

structural and 

functional 

properties of 

the sea 

Block diagram of the SatBaltic Operating System 

 

Data transfer  for an overcast sky (lack of 

satellite data for the DESAMBEM algorithm) 

Data transfer for a cloudless sky (data 

assimilation to improved the ECOSAT 

algorithm)  

Data transfer always required to make the most 

of the DESAMBEM and  ECOSAT algorithms 

blue letters in the description denote 

parameters computed directly from data 

supplied by one satellite  

red letters in the description denote parameters 

computed from data supplied directly or 

indirectly by several satellite sources, and / or 

by the SatBaltic System 

 



Merging data - processing chain 

More details in :  M. Konik, M. Kowalewski, K. Bradtke, M. Darecki  

The operational method of filling information gaps in satellite imagery using numerical models  

International Journal of Applied Earth Observations and Geoinformation, 2019, 75, 68-82. 



Merging data - processing chain 



Assessment of the method performance  

- on chlorophyll a concentration example 



Examples of merged SST maps, in relation to SST derived from 

AVHRR data 

AVHRR  PM3D   MERGED 



Examples of merged SST maps in comparison to ones derived from 

AVHRR data  



Examples of merged chlorophyll a concentration maps  



Examples of merged chlorophyll a concentration maps  



Assimilation of the satellite data in the 

hydrodynamic model 

Comparison of sea surface temperatures 

observed in the southern part of the Baltic Sea 

and modeled with assimilation of satellite SST 

maps (M3D + A) and without assimilation (M3D) 
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Porównanie średniej miesięcznej temperatury wód powierzchniowych  

w Bałtyku wyznaczonych na podstawie danych: z modelu PM3D, 

satelitarnych  AVHRR L3 i map z Systemu SatBałtyk (temperatura łączona) 

Variability of the sea surface temperature in the Baltic 

 

Monthly averages of the sea surface temperature based on PM3D model, 

satellite AVHRR and merged SatBaltyk product 
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Multi year variability of chl-a on the Plat1 station 

O in situ o sat+model 

Plat1

Data
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Monitoring of the marine environment  -  two methods 

Very limited number of  

measurements per year on 

some locations 



Average  SST for years 2011-2016  

Baltic Sea 

Vistula Lagoon 

Szczecin Lagoon 

CW of the Gdańsk Basin 

Gdańsk Basin 

Eastern Gotland Pool 

Bornholm Basin 

                  Stand dev  



Baltic Sea 

Vistula Lagoon 

Szczecin Lagoon 

CW of the Gdańsk Basin 

Gdańsk Basin 

Eastern Gotland Pool 

Bornholm Basin 

Average  SST for the summer in years 2011-2016  

                  Stand dev  



Average  chlorophyll a concentration for years 2011-2016  

CW of the Gdańsk Basin 

Gdańsk Basin 

Eastern Gotland Pool 

Bornholm Basin 

Baltic Sea 

 



Average  summer chlorophyll a concentration for years 2011-2016  

CW of the Gdańsk Basin 

Gdańsk Basin 

Eastern Gotland Pool 

Bornholm Basin 

Baltic Sea 

 



coastal waters of the Gdansk Basin Gdansk Basin 

Bornholm Basin Eastern Gotland Basin 

Comparison with traditional monitoring 
satellite        in situ 



 

An assessment of representativeness of monitoring  

stations in transitional and coastal waters  

(granted by Inspectorate for Environmental Protection) 

Average monthly concentration of 

chlorophyll a in August 2016 calculated on 

data from the SatBałtyk System 



Analysis of spatial distributions of  

the coefficient of determination 

Spatial distribution of coefficients of determination (R2) of chlorophyll a concentrations,  

calculated for selected monitoring stations 



Results of evaluation of the monitoring stations  

- Puck Bay External 

 

 

Phytoplankton, existing stations    OM1, T11, T12, T14 

- remove T12 and T14 

 

Nutrients, existing stations   OM1, T11, T12, T14 

- remove T11 

 

Makrozoobentos, existing stations - T11 and OM1  

- no change 



Summary  

• proposed system/algorithm utilizes the advantages of both 

satellite and numerical simulation data, while at the same time 

reducing their errors 

• methods can be used in the assessment of the ecosystem health 

of the Baltic Sea, providing more statistically confirmed results 

• data from the system can be also used for validation how in situ 

monitoring locations are representative for the area 

 



Thank you ! 

http://www.satbaltyk.pl 


