
Method : two complementary methods
    The first method uses ship drift estimates derived from AIS data [1,2], combined with along-track 
sea surface height measurement using the multiscale and multivariate MIOST (Multiscale Inversion 
of Ocean Surface Topography) mapping framework. This approach merges geostrophic signals from 
altimetry and AIS with ageostrophic information uniquely captured by AIS.

    The second method is based on 4DVarNet, a learning-based variational data assimilation 
approach [3]. It offers promising capabilities for reconstructing ocean surface circulation by 
integrating multimodal datasets—such as high-resolution SST and ocean colour imagery—through 
advanced machine learning strategies. This enables refined mapping of surface currents in areas 
with dense maritime traffic and improved detection of sub-mesoscale dynamics with better 
temporal resolution (O[1km]; O[few hours]).

Introduction 
In the upper ocean, surface currents, sea surface temperature (SST), salinity (SSS), sea surface height (SSH), atmospheric forcing, and waves all constrain 
upper-layer dynamics. These variables interact across overlapping spatial and temporal scales. 

Plunge more finely into the sub-mesoscale dynamics is a necessity for understanding and therefore modelling and observing the ocean.

This is the objective of Space4SafeSea project, supported by ESA, to provide an accurate description of the ocean surface dynamics. A key innovation of the 
project is the integration of AIS (Automatic Identification System) data to complement satellite observations, particularly in the high-frequency range.

Result 1: Sea Surface Current : South Africa,  Agulhas, strong  dynamics patterns 

Result 2 : Gradient highlight : Lyapunov exponents FSLE. Mediteranean Sea Eddies dynamic, Algerian basin

Result 3: 4DVarNet vs AVISO estimation,  Gulf Stream Conclusion et perspective
Space4Safesea project enhances the potential for reconstructing ocean 
surface circulation, particularly by refining mapping in regions of dense 
maritime traffic and capturing sub-mesoscale dynamics with enhanced 
temporal accuracy.
 
Future works could further explore the use of additional inputs for the 
4DVarNet, such as Chl-a and SSS data, to infer new patterns of the current 
field.

Go and see talk 25/06 AM session : Solène Jousset et al. Data fusion: 
altimetry and surface currents data to access the high frequency 
currents signal
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Method: Evaluation 
   The performance of both methods is estimated using independent validation 
datasets, including drifter measurements and state-of-the-art ocean products 
such as the DUACS optimal interpolation product [4] and GlobCurrent [5], to 
evaluate their respective advantages and limitations [6].

The model is based on a variational data assimilation (DVAR) approach, where 
the goal is to reconstruct the hidden states (x, representing ocean surface 
currents) by minimizing a cost function that integrates observational data, y, 
and dynamic priors. Observation Vector y: The observations are derived from 
AIS data and complemented with SST gradients:

AIS experience + MIOST altimetry, 2019

• Contribution of AIS data :
• Improved geostrophy with finer-scale structures
• improved surface currents by taking better account of some

ageostrophic signals

• The contribution of AIS data accelerates the Agulhas current at the 2000
m isobath and slows it down closer to the coast.

• Mean structures on the continental shelf between 22°E and 25°E are
also modified by AIS data.
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* Lyapunov exponent and Chl-a : 
correlated.

* Coastal dynamics much well 
depicted with AIS derived current

* 2 anti-cyclones detected in the 
AIS  current vs. 1 in DUACS 
product, near longitude 3.5°Est.
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