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The « Fine Scales »
mesoscale and submesoscale (1-100 km, days – weeks)

A key regime for the energy cascade

A key regime for the energy cascade and for creating contrasted properties

First hints the ’60-’70.

McWilliams, 2016fine scales



« Blind » discover of the fine scales



« Blind » discover of the fine scales



« Blind » discover of the fine scales





Flament et al. 1985

During the ‘70-’80, filaments 
(submesoscale) also started to emerge 
from ocean color and sea surface 
temperature images, suggesting further 
physical processes as well as the 
importance of the fine scales on the marine 
biosphere. 

First maps of the fine scales



Nimbus 7 Coastal Zone Color Scanner (2 November 1978)
From Hovis et al. 1980
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During the ‘70-’80, filaments 
(submesoscale) also started to emerge 
from ocean color and sea surface 
temperature images, suggesting further 
physical processes as well as the 
importance of the fine-scale variability for 
the marine biosphere. 

First maps of the fine scales



Fine-scale challenges
1. Energy cascade, heat/material transport, air-sea fluxes, coast-open 
ocean continuum

Fine scales not resolved, 
must be parameterized

Earth System 
Models
CMIP6



Quite well understood In large part 
understood

Largely 
unknown !

Lévy et al. 2018

Fine-scale challenges
2. Biogeochemistry and marine ecology



Image: © E. Pauthenet

Della Penna et al. Scientific Report 
2016

Fine-scale challenges
2. Biogeochemistry and marine ecology



Front. Mar. Science 2018

Fine-scale challenges
2. Biogeochemistry and marine ecology



Conservation and management in the open ocean need 1-100 km scale 
information, and need it soon

1992 Convention on Biological Diversity (Rio “Earth Summit”)
Aichi Target 11: By 2020, at least [...] 10 per cent of coastal and marine areas [...] are conserved 
through effectively and equitably managed, ecologically representative and well-connected systems 
of protected areas [...].
2021-2022 (-2023??): UN Biodiversity Beyond National Jurisdiction (BBNJ)
2022: France: target of 30% 
2030: High Ambition Coalition 30x30



Coastal areas

Ageostrophic dynamics

Scales <70-100km, <~1 week 

Conventional
Altimetry
Jason-type constellation

Positional errors ~10+ km

Underestimation of 
gradients

Large uncertainties in 
coastal dynamics

All-weather, global Sea Surface Height, 
resolution down to 70-100km, ~1 week



Conventional
Altimetry
Jason-type constellation

Scales 10-100km : « small mesoscale » and some submesoscale

Coastal areas

(some) internal wave 
dynamics

SWOT

Scales 1-10 km, < ~1 week

Ageostrophic dynamics

All-weather, global Sea Surface Height, 
resolution down to 70-100km, ~1 week
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R. Rolland

Yes !Model prediction of 
what we can 
expect from SWOT 
in terms of 
frontogenesis



R. Rolland

Model prediction of 
what we can 
expect from SWOT 
in terms of 
frontogenesis



.. and what about real cases ?











Front ??

Conventional altimetry
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SWOT Adopt-a-Crossover Consortium
https://www.swot-adac.org



What is the future of AdAC and Regional Validation WG 
after the fast sampling phase ?

1. AdAC still needed ?

2. What are the best way of using in situ data ?

3. what are the possible synergies with other WG ?

4. Which plan for conferences, special issues, etc. ?    



1-day orbit 21-day orbit

SWOT Adopt-A-Crossover (AdAC) SWOT Adaptive-Campaigns (AdaC)
as part of Center for Topographic studies of the Ocean 
and Hydrosphere 

1. Community

2. Science support

3. Comm support

Pis of campaigns in SWOT 
swaths/crossovers 

Pis of campaigns with strong 
fine-scale component

- Multi-satellite products, SPASSO and other 
software tools for sampling strategy.

1 Science Officer (Louise)

- Multi-satellite products, SPASSO and other 
software tools for sampling strategy

+ Support for SWOT L3/L4 products handling

+ Support for in situ data qualification
 
1 Science Officer (Louise)
1 Data Officer (Lloyd Izard)

Comm Officer


