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In the frame of the ESA Regional Initiative, the Baltic+ contracts aim at 
developing research activities to advance the use of ESA and non-ESA Earth 
observations missions towards the achievement of major scientific 
challenges identified by Baltic Earth community for the next decade [1]. This 
includes, in particular:

● Dedicated products for the Baltic: ocean colour, sea level, coastal 
altimetry, salinity and new dedicated Sentinel-2 products.

● Characterisation of biochemical exchanges (land-sea and air-sea) 
including salinity dynamics.

● Characterising and closing the water cycle of the Baltic.
● 4D reconstruction of ocean dynamics by integration of EO and modelling 

of the Baltic Sea.
● Characterising and predicting major Baltic inflows.

Baltic+ Salinity Dynamics and Baltic+ SEAL (Sea Level) projects have 
contributed to these challenges by developing dedicated products of sea 
surface salinity (SSS) and sea surface height (SSH), respectively.  

Here, we explore the potential synergy between both products with a 
twofold purpose: to perform an inter-validation of both products, and to 
explore the potentiality of both datasets to address some of the scientific 
challenges identified by ESA and the Baltic Earth community. 

Motivation
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subseccion

● The intercomparison between the Baltic regional SSS and the ADT products gives encouraging results.
● First analysis of  the alignment between the gradients of ADT and SSS at a monthly scale show that  oceanic structures present in SSS and DOT are coherent and aligned.
● In a second step, the synergy of SSS and sea level data can be explored to characterise the gradient in sea level trend that is observed in the last decades between S-W 

and N-E sub-basins and that is likely to be caused by inter-annual anomalies in the winter westerlies wind forcing, which trap (brackish) water masses in the N-E

Summary and conclusions

Data

● Baltic+ L3 SSS (0.25º, 9 
days) [2] 

● Absolute Dynamic 
Topograhy (ADT) derived 
from Baltic Seal Sea 
Level obs. [3] 
(interpolated to 0.25º) 

● Temporal range: 
2011-2019

Applying orthogonal decomposition such as maximum covariance analysis 
(MCA) to geophysical datasets allows us to extract common dominant 
patterns between two different variables, but generally suffers from:
 (i) the non physical orthogonal constraint and,

(ii) the consideration of simple correlations, whereby temporally offset 
signals are not detected.

Here we use an extension, complex rotated MCA, to address both limitations, 
as proposed by Rieger et al. (2021)[4]

Rotated Maximum Covariance Analysis (i)

Description of the dynamics in Baltic basin
ADT and SSH are dynamically interrelated. 
Both variables can be used to retrieve the 
stream function of the flow, and then the 
ocean velocities fields.

To assess to which extend the derived satellite 
products in the framework of Baltic+ initiative 
are consistent in describing the dynamics in 
the Baltic Basin at their spatial and temporal 
scale, we studied the alignment of ADT and 
SSS gradients.

Both fields 
are low 
pass 
filtered
(50 km)

Probability density function (PDF) of the alignment 
between Baltic+ salinity and Baltic+ SEAL absolute 

dynamic topography

PDF bimodal with peaks at 0 and π, 
indicating a strong tendency to the
alignment through all the year. 

SSS map and ADT contours for January 2012

http://balticseal.eu/data-access/http://bec.icm.csic.es/baltic-sss-products-v1-0/ 

Rotated Maximum Covariance Analysis (MCA) (ii)

Rotated MCA of ADT showing modes 1,2, 3 and their relative importance indicated by the variance fraction

Rotated MCA of SSS  showing modes 1,2, 3 and their relative importance indicated by the variance fraction

● The rotated MCA analysis of SSS and ADT shows that essentially the 
dynamics represented by the three first modes are located in: 
south-western of the basin (mode 2 ADT & SSS ), Gotland basin (mode 3 
ADT and mode1 SSS) and Sea and Bay of Bothnia (mode 1 ADT & mode 3 
SSS)

● Mode 2 of ADT and Mode 3 of SSS show a trend in the very short analysed 
temporal range

Further work:
We foresee to extend the rotated MCA to other datasets and variables: L4 
Baltic +SSS, wind and sea surface temperature.

http://balticseal.eu/data-access/
http://bec.icm.csic.es/baltic-sss-products-v1-0/

