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A new global view of 

ocean submesoscale 

variability from SWOT 

(Archer et al., Nature, 

2025)



central Indian ocean

SWOT: A new capability for IW studies 



central Indian Ocean : 1 week of the 21 days orbit



Internal waves off the Amazon river mouth



Internal waves off the Amazon river mouth



Internal waves off the Amazon river mouth



Internal waves off the Amazon 

river mouth : SSH vs roughness
Sentinel-3 OLCI June 21 12:56 UTCSWOT June 22 01:20 UTC



Sea Surface Roughness (SSR) variations 





SWOT SSH linked to vertical and horizontal 
velocity of IW

h(k), SWOT sea surface height Fourier coefficient, k IW wavenumber
C, IW phase speed, and Omega, IW pulsation
W(k), u(k) Vertical and Horizontal velocities 



SWOT SSH linked to surface current divergence 
induced  by IW

h(k), SWOT sea surface height Fourier coefficient, k, IW 
wavenumber
C, IW phase speed
D(k), IW -induced divergence at k IW wavenumber 



Basic equation to describe the dynamics of the inner ocean



Brunt - Väisälä
Frequency (stability of 
the fluid to vertical 
displacements)



general solution

boundary conditions 
ensuring continuity of 
vertical velocity and 
pressure across layer 
boundaries



IWs dispersion relationship

May 2023
Jun 2023
off the Amazon shelf
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Vertical velocity profiles

May 2023
Jun 2023
off the Amazon shelf

Exponential attenuation linear attenuation

The ὡmaximum shifts from the 
upper to lower boundary of the main 
pycnocline with increasing wavelength



displacements of 
the main

thermocline 
caused by the 

IWs

Thermocline displacements
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80 m

20 cm
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Displacement of the 
pycnocline structure

vertical displacement of water 
temperature, calculated taking into 
account adiabatic change of water 

temperature

Thermocline displacements





SWOT SSH linked to surface current divergence 
induced  by IW -> sea surface roughness change ! 
Modulation Transfer Function M

h(k), SWOT sea surface height Fourier coefficient, k IW wavenumber
C IW phase speed, Omega IW pulsation
W(k), u(k) Vertical and Horizontal velocities 

h(k), SWOT sea surface height Fourier coefficient, k IW wavenumber
C IW phase speed
Ks(k), surface roughness contrast at k IW wavenumber
Ms(k) MTF relating roughness variation and SWOT SSH anomalies 



SWOT SSH linked to surface current divergence 
induced  by IW -> radar signal change ! 
Modulation Transfer Function M

h(k), SWOT sea surface height Fourier coefficient, k IW wavenumber
C IW phase speed
Ksigma0(k), radar NRCS contrast at k IW wavenumber
Theta, local incidence angle, s root mean square of short -scale slopes
Ms(k) MTF relating roughness variation and SWOT SSH anomalies







To compare with direct measurements of both SSHA and NRCS modulations 

induced by IWs 

L = C T, distance between leading edges 
of IW packets, T = 12.4 h for the semi -
diurnal lunar tide



Synergy between SWOT & Sentinel 1 A near the Congo River 

Plume. SWOT ETAO project.



For SWOT, oceanic convergence (divergence) means weaker (stronger) backscatter coefficient



~0.6°< Incidence SWOT< ~4° ~18°< Incidence SAR S1< ~50°

Inversion of the backscatter coefficient sigma0 at ~12°

For S1, oceanic convergence (divergence) means stronger (weaker) backscatter coefficient







ISW North of the Canyon





IW linear theory: uIW=(g/c)*ssha (Gill, 1982)

c: phase velocity of the IW

Divergence ~ uɳIW~ sɳsha~0„>/0„‏>

Northern part

southern part

southern part

Northern part

In the northern part the convergence associated with 0„>/0„‏> is not in phase with the 

convergence infered by the sɳsha although in the southern part the two signals are in phase.  





ISW South of the Canyon


