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Dynamical systems for remote validation of very high-resolution ocean models
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Downscaling

M measures the arclength of the curve traced 
by a trajectory, integrated from an initial 

condition forwards and backwards in time, 
when projected onto the phase space [2]

Setup

Navionics
(~100 meters) GEBCO 

(~400 meters)

Base Solution

• A close to 1: good performance

• A close to 0: poor performance

4. Conclusions

1. Ocean modeling presents significant challenges due to 
the multitude of complex physical phenomena that 
must be accurately represented. Furthermore, 
validating these models is particularly difficult in 
coastal areas, where in situ data is often limited by 
sparse observational networks and the constraints of 
specialized equipment deployment in select regions.

1. Our approach combines satellite observations with 
computational experiments using the Regional Ocean 
Modeling System (ROMS) [3], 

1. We establish connections between satellite data and 
model outputs through dynamical systems analysis, 
enhancing our understanding of ocean dynamics in 
areas with limited direct observations.

1. CMEMS data from Mediterranean 
Forecasting System (Med-Physics) Product

Variables: Sea Surface height, Temperature 
3D, Salinity 3D, u and v 3D

2. ERA5 data. 

Variables: v10 and v10 

3. Bathymetry data. Navionics maps and 
GEBCO

To establish connections between satellite data and model outputs, we employ a 
technique from the field of dynamical systems known as the Lagrangian Descriptor 
or M function. This method enables the extraction of Lagrangian Coherent 
Structures (LCS), which are time-dependent material surfaces that separate fluid 
paths with distinct behaviors [1].

A significant mathematical property of these Lagrangian patterns is their 
robustness against velocity field perturbations, in contrast to the comparison of 
individual trajectories. This characteristic allows for a more effective 
characterization of model-produced velocity fields by:

1. Differentiating outputs with distinct Lagrangian signatures
2. Identifying similarities between outputs that present comparable Lagrangian 

patterns

1. Run for two periods in 2019 with available satellite 
images. System initialized before periods of interest 
to ensure convergence to pullback attractor

1. Extracted polygons from satellite images 
representing homogeneous chlorophyll distribution. 
Assumed these structures are purely advected by 
currents, serving as ground truth

1. Initialized chlorophyll blobs on first day of each 
period. Evolved blobs using velocity fields from base 
solution. Compared model-evolved blobs with 
satellite-observed polygons to assess model 
performance.

1. Compared model-evolved blobs with satellite-
observed polygons. Calculated backward M for τ = 3 
days to highlight attracting material curves of the 
flow. Assessed consistency between these features 
and brown blob evolution. Measured overlap 
between green and brown blobs as performance 
indicator. 
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