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Approach and Objectives 

• Use satellite sensor synergy 

combined with in-situ data to 

extend surface 2D pattern into 

upper ocean 3D structures

• Advance understanding of the 

dynamics of mesoscale and sub-

mesoscale eddies in the Lofoten 

Basin

• Contribute to digital twin ocean 

development 



Sensor Resolution Constrain
Coherent 2D Mesoscale Structures

Driving dynamics
Meanders Eddies Fronts Filaments

Radiometer IR 1 km Cloud limited SST Density change and current 
gradient

Radiometer 
wave

25 km SST Density change and current 
gradient

Spectrometer 10 m/300 m Cloud & light 
limited

Chlorophyll Advection and convection

Visible 10 m/300 m Cloud & light 
limited

Sun glint Wave-current interaction

SAR NRCS 100 m Wind limited Roughness Wave-current interaction

SAR Doppler 1 km Wind limited Radial velocity Combined wind, wave and current 

Nadir Altimeter 2-4 km Space-time 
coverage

SSH Geostrophic current

SWOT Altimeter 1 km Space-time 
coverage

SSH Geostrophic current

SCATT, SAR 12.5/ 1 km Threshold 
wind speed

Wind vector/Wind speed Wind stress, Ekman pumping

In-situ sensing m (vertical) 
km(horizontal)

Spatial 
coverage

Hydrographic Profiles, BGC profiles,
Positions and Lagrangian drift

Hydrography, Geostrophy, 
Ageostrophy



Ocean Surface Circulation in Lofoten Basin on 10th April 2023

Mercator 1/12, surface current in m/sSWOT L3, geostrophic current in m/sS1 Doppler, OSC RVL in m/s

Lofoten 
Vortex

Mohn Ridge 
front



Collocation SWOT and Sentinel-3 Chl-a on 6 June 2024
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Hourly Wind From ECMWF on the 6 June 2024

Wind at 10 -11 on the 6 June 2024

Animation for 72 hours wind, from 5-7 June 2024



Multi-Platform Observation of Ocean Synoptic Scale in Lofoten Basin: 
Argo floats and profiles on June 6, 2024



Sentinel-1A IW SAR image, Sentinel 3 Chlorophyll-a and Argo floats on June 
6th 2024

The NERSC Arctic Virtual Laboratory (NARVAL) portal (based on Syntool web solution developed by Ocean Data Lab; 

https://www.oceandatalab.com/ovl) shows data from the Loften Basin on the 6th of June2024: (right) CLCI Chlorophyll map in mg/m3 based on 

Sentinel-3 image at 10:42 (right) Sentinel-1A IW SAR image in Normalized Radar Cross Section at  06:27.



T/S profiles of Argo Float (id.1902698) trapped in Lofoten Vortex

Key Data Sources



Lofoten Vortex – April 2025

Drift pattern of six drifters 
deployed in the Lofoten gyre 
centered at 70 N 

The Lofoten vortex is long lived mesoscale 
features, showing a prominent signature in the 
2025 data

SLA and currents 



2D to 4D: BGC profile retrieval by machine learning

Estimation of BGC (Chl-a/POC) profiles by machine learning (ML) package: SubMAPP
Pilot case of Chlorophyll-a reconstruction along Argo float 6902545 (2013-2019)

Red color: Argo float for retrieval (WMO ID: 6902545)
Green color: BGC Argo floats (2013-2019) for training

Input: SST, surface Chl-a, Mixed Layer Depth, Shortwave Radiation collocated along Argo
float

Output: Chl-a/POC profiles along Argo float

Observed Chl-a

SST collocated along Argo float

Surface Chl-a collocated along Argo float

Estimated Chl-a



Summary and Outlook

• Satellite sensor synergy allows for characterizing the surface expression of  
mesoscale eddies at ocean surface (e.g. with Sentinel-1 and Sentinel-3)

• Colocation with autonomous profilers (i.e. Argo) enhance the capabilities of 
resolving the 3D structure of eddies and their impact on e.g. temperature and 
salinity

• SWOT derived currents and drifting buoys clearly show the eddy induced currents 
in the occurrence of stable mesoscale features at the Nordic high-latitudes 

• The interplay between eddy-induced currents and wind (Eddy/Ekman pumping) 
can explain the variability of eddy-induced anomalies in the Lofoten Basin

• Multiple data sources strengthen AI-based reconstruction of 3D mesoscale field
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