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The Geophysical Institute, University of Bergen. 
Founded in 1917 by Bjørn Helland-Hansen.



Bjørn Helland-Hansen and Fridtjof Nansen
Source: National Library of Norway

Ocean eddies were first reported as puzzling waves in 
the Norwegian Sea by Helland-Hansen and Nansen in 
1909.  

Ocean Eddies and Norway

Helland-Hansen and Nansen, 1909





Chinese PI: Huizi Dong               European PI: Roshin Raj

J.A. Johannesen

J.Brajard L. BertinoA. Bonaduce

M. Zhou

Hualing Wang Xinyi Gu

Dragon 6 – LoWa Team



Motivation



The overall objective of LoWa is to quantify the impact of ocean eddies on the heat transport 
across the Lofoten Basin affecting Atlantification. 

Atlantification: is a commonly used term for the 
increasing influence of Atlantic Water (AW) in the Arctic 
Ocean. 

There is a wide range of ecosystem responses to 
Atlantification which includes increased production, 
borealization, changes in fish spawning, increased 
importance of the pelagic compartment populated by new 
species, and an increasingly connected food web 

Objectives



The overall objective of LoWa is to quantify the impact of ocean eddies on the heat transport 
across the Lofoten Basin affecting Atlantification. 

 Advective path of Atlantic Water into
the Arctic

 Region where bulk of light to dense 
water formation takes place in the
entire Nordic Seas

 Longer residence time of Atlantic
Water

 Heat reservoir of the Nordic Seas

 Large winter heat loss Depth of Atlantic Water in the 
Nordic Seas (Raj et al., 2015)

Objectives



The overall objective of LoWa is to quantify the impact of ocean eddies on the heat transport 
across the Lofoten Basin affecting Atlantification. 

 No mean flow into the Lofoten Basin

 Mesoscale eddies transport heat, salt and ocean biology

 Highest eddy active region in the entire Nordic Seas

 Eddies via trasporting heat results in the cooling of the
northward flowing Norwegian Atlantic Current.

Objectives



 Ubiquitous features of the ocean

 Vortices or flows : LR– 100’s km
 

Ocean Eddies 

In physical Oceanography, LR , the Rossby radius of deformation, is the length scale at which rotational effects 
becomes important in the evolution of a flow. 



 Instabilities of the mean flow 
                           [Stammer and Wunsch, 1999] 

Fluctuating winds 
       [Frankignoul and Muller, 1979]

 Feed momentum and energy back into the mean flow [Morrow et al., 
1994; Lozier, 1997]. 

Ocean Eddies 

 Total oceanic heat and salt transport by advective trapping [Dong et al., 
2014]



Specific objectives: 

Objective 1:  Strengthen co-variability analyses of the 2D surface expression of the meso- and sub-mesoscale 
eddies from satellite sensor synergy including novel satellite missions and remote-sensing retrievals;

Objective 2: Apply a Data-driven approach to advance the 2D to 3D characterisation of meso- and sub-mesoscale 
eddies from colocation of satellite observations and Argo profiling floats also sampled at high frequency. 

Objective (3): Conduct 4D reconstructions based on machine learning experiments combining observations and 
model fields 

Objective (4): Study the patterns and dynamical processes in the enhancement of submesoscale pumping and 
vertical heat transport at the edge of eddies induced by geostrophic deformation field 

Objective (5): Study the energy source that sustain the occurrence of submesoscale dynamical processes at the 
edge of ACEs and CEs, as well as their seasonal characteristics 

Objective (6): Quantify the AW heat transport in and out of the Lofoten Basin. 



Specific objective 1: 

Specific Objective 1:  Strengthen co-variability analyses of the 2D surface expression of the meso- and sub-mesoscale 
eddies from satellite sensor synergy including novel satellite missions and remote-sensing retrievals;

- Visualisation p ortal for Earth d ata
- Base d  on:

o NERSC's Ge oSPaaS catalog uing  
syste m

o Oceand atalab 's Syntool inte rface
- Automatic d aily up d ate s
- 1 month re te ntion + 10 d ays fore cast
- Pub licly availab le  since  winte r 2023
- http s:/ /narval.ne rsc.no/
- Use s:

o Data d iscove ry
o Disse mination
o e d ucation

NERSC Arctic Virtual Lab oratory (NARVAL)

http s:/ /narval.ne rsc.no /

https://narval.nersc.no/
https://narval.nersc.no/


Paper 1 (in prep) : Advancing Mesoscale Eddy Characterization in the Lofoten Basin Using 
Satellite Sensor Synergy and Machine Learning Approaches

M. Babiker, A. Bonaduce,  R. P. Raj, T. Wakamatsu , A. Moiseev, A.  Perrin,  J. A. Johannessen

Specific objective 1: 

Collaboration with  ESA Prodex Project (4000135226)

Results: 



Collocation SWOT and  Se ntine l-3 Chl-a on 6 
June  2024

S3B O LCI SWOT SLA

S3 and  SWOT 
time  sep aration 
~  5 hours

Specific objective 1: 
Results: 

Babiker et al., in prep 2025



Eddy-Ekman pumping (Dong et al., 2022)

Composite averages of eddy-centric CHL anomalies for (a) 
Type-I ACE, (b) Type-I CE, (c) Type-II ACE, and (d) Type-II 
CE for the period 2000-2020. The x and y coordinates of the 
composite averages are normalized by the eddy radius (R). 
N and N* represent the number of eddy observations for 
constructing the composite averages in Type-I and Type-II 
eddies, respectively

Eddy-induced Ekman Pumping
Interaction between eddy surface currents 
and winds, to generate upwelling (downwelling) 
in anticyclones (cyclones).

Specific objective 1: 
Results: 



Dong et al., 2022

Specific objective 1: 
Results: 



Lofote n Vortex – Ap ril 2025
Drift p atte rn of  six d rifte rs d e p loye d  
in the  Lofo te n g yre  ce nte re d  at 70 N 

The  Lofo te n vortex is long  live d  me soscale  
feature s, showing  a p romine nt  sig nature  in the  
2025 d ata

SLA and curre nts 

Specific objective 1: 
Results: 

Babiker et al., in prep 2025



Objective 2: Apply a Data-driven approach to advance the 2D to 3D characterisation of meso- and sub-mesoscale 
eddies from colocation of satellite observations and Argo profiling floats. 

Specific objective 2: 

7-day composite Chlorophyll-a concentration (mg/m³) from Sentinel-3 OLCI 
data, centered on June 6, 2024 with Argo float positions overlaid. 



Specific objective 2: 
Results: 

Babiker et al., in prep 2025



Paper 2 (in prep):  Freshening of the Lofoten Basin and the role of eddies
           R.P. Raj,  H. Dong,  A. Bonaduce et al.

Specific objective 2: 
Results: 

Arg o floats co llocate d  within 
anticyclonic e d d ie s (re d ) 
and  cyclonic e d d ie s (b lue )

• Collocation with 
Arg o  p rofiling  
floats 



(Raj e t al. 2025 in p re p aration)

2016-2020
2011-2015
2006-2010

• Collocation with Arg o  p rofiling  floats 

Hollid ay e t al., 2020

Specific objective 2: 
Results: 



Paper 3 (in prep):  Eddies and Marine Heat Waves in the Barents Sea
            X. Gu*, H. Dong, R. P. Raj et al.

Specific objective 2: 
Results: 

Ocean eddies

Ocean State Report, 2024



Specific objective 2: 
Results: 

Hybrid Eddy detection and tracking: Raj et al., 2015, 2016, 2020
Ekman pumping & Eddy Pumping : Dong et al., 2022



Objective (4): Study the patterns and dynamical processes in the enhancement of submesoscale pumping and 
vertical heat transport at the edge of eddies induced by geostrophic deformation field 

Specific objective 4: 

In review (3rd round): Nature Communications

Huizi Dong, Meng Zhou, James C. McWilliams, Roshin P. Raj, Francesco d’Ovidio, Ilker Fer, Lixin Qu, Bo Qiu, Lia Siegelman, 
Zhengguang Zhang, Walker O. Smith, Jr., Ann Kristin Sperrevik

Paper 4 (in review) : Warm Rings in Mesoscale Eddies in a Cold Straining Ocean 



Distribution of cyclonic and anticyclonic 
eddies in the Seaglider sampling region.

a, Map of Lofoten Basin region with the locations of all identified cyclonic 
(green dots) and anticyclonic (red dots) eddies observed during eight 
Seaglider missions between July 2012 and August 2017. The light gray 
shaded area corresponds to the region covered by Seaglider observations. 
The three insets in a show the instantaneous sea surface temperature (SST), 
chlorophyll (CHL) and finite-size Lyapunov exponent (FSLE) fields as the 
glider sg559 M1 traversed a pair of eddies within the black boxed regions 
on 8 June 2017. The white dots and white arrows represent the trajectory 
and direction of the glider, respectively. 

b, Trajectories of eight Seaglider missions between 4 July 2012 and 9 
August 2017 (black lines) superimposed on a snapshot of satellite-based 
SST. The trajectory with blue dots represents the first section of the M1 
mission between 6 July 2012 and 16 August 2012. 

The location of the Lofoten Islands in the study area is marked by red 
triangles in panels a and c. 

Dong et al., in review 2025

Specific objective 4: 
Results: 



3D structures of buoyancy anomalies and vertical 
velocities for anticyclonic and cyclonic eddies. 

Dong et al., in review 2025

Specific objective 4: 
Results: 

Eddy-centric composite distributions of buoyancy anomalies at 0 m, 
200 m and 400 m depth for a anticyclonic and b cyclonic eddies based 
on five years of Seaglider observations. Positive (negative) buoyancy 
anomalies within a anticyclonic (b cyclonic) eddies defined by altimetry 
data represent warm-core (cold-core) structures. The transparent black 
shading represents the outermost layer of the eddy, defined by closed 
contours of surface buoyancy anomalies.

c and d are same as a and b except for eddy-centric composite 
distributions for vertical velocities. The contours in (a, c) and (b, d) 
represent the buoyancy anomalies (contour interval 2×10-5 m s-2) for 
anticyclonic and cyclonic eddies, respectively. 



Objective (3): Conduct 4D reconstructions based on machine learning experiments combining observations and 
model fields 

Task 1. Development of a hybrid-ML methodology, leveraging the GLORYS12V1 data, to more accurately estimate 
the 3D structure of eddies.

Task 2. Conduct Sensitivity experiments to better understand data and parameter dependencies affecting the 
accuracy of the predicted vertical structure of the eddies. 

Task 3. Fine-tuning of the hybrid-ML methodology using transfer learning, by supervising the algorithm with the 
observed EN4 profile data and its application to the 2D fields and vertical profiles, to obtain a multivariate 3D field 
colocated with eddies.

Specific objective 3: 

Young scientist (Norway) ---- MSc University of Bergen (2026-2027)

Future work: 



Objective (5): Study the energy source that sustain the occurrence of submesoscale dynamical processes at the 
edge of ACEs and CEs, as well as their seasonal characteristics 

Objective (6): Quantify the AW heat transport in and out of the Lofoten Basin. 

Specific objective 5 and 6 

Expand Collaboration within ESA Dragon 6 programme (e.g., SADyMaS)  

Expand Collaboration within ESA Dragon 6 programme 
(Zhang Shengjun, NEU, China; Jungang Yang, FIO, China)

Future work: 



Dragon 6   EO Data Delivery

Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since June 2024) for no. of scenes 
of high bit rate data (e.g. S1 100 scenes). If data delivery is low bit rate by ftp, insert “ftp” 

ESA /Copernicus Missions No. 
Scenes

1. ERS

2.ENVISAT

3.Cryosat

4.Sentinel-3

5.SMOS

6.GOCE

Total:6

Issues:

ESA Third Party Missions No. 
Scenes

1. Radarsat

2.

3.

4.

5.

6.

Total:1

Issues:

Chinese EO data No. 
Scenes

1.HY

2.

3.

4.

5.

6.

Total:1

Issues:



Argo floats Gliders

Surface drifters

CTD

In-situ data measurements and requirements



European Young Scientists contributions in Dragon 6

Name Institution Poster title Contribution including period of research

TBD University of Bergen ML, AI.
2026-2027



Chinese Young Scientists contributions in Dragon 6

Name Institution Poster title Contribution including period of research

HUALING WANG SHANGHAI JIAO 
TONG UNIVERSITY, 
CHINA

- Submesoscale eddies

XINYI GU SHANGHAI JIAO 
TONG UNIVERSITY, 
CHINA

- Eddies and MHW



“Coming together is a beginning,
Staying together is progress,
And working together is success.”
         Henry Ford
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