Improved interpretation of
surface roughness
modulations: new SWOT

combined SSH and NRCS
measurements
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SWOT-DUACS

—

A new global view of
ocean submesoscale
;- variability from SWOT
== oo (Archer et al., Nature,
2025)
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SWOT: A new capability for IW studies
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Internal waves off the Amazon river mouth




Internal waves off the Amazon river mouth




Internal waves off the Amazon river mouth
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Sea Surface Roughness (SSR) variations
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SWOT SSH linked to vertical and horizontal
velocity of IW

- c*1 C
h(K) =i Wi, =—
'I'.{: ::I ¢ |'-:|i E-! Zlz=l] 'I':T

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

D(K) =

f"ﬂ h-liff}

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

02 W N2 Q2 .
K? W =
0z2 + 02 0

Solution of this equation gives the profiles of vertical velocity I/, and the
dispersion relation between K, (), and the Vaisala-Brent frequency, N. To
obtain an analytical solution to this equation, we use the three-layer
approximation.
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general solution

82W Ng—ﬂz A > _ . J Y, J
o +K2TW:0:> W.(z)= 4, exp|iK o ° + 4, exp| —iK o ¢

boundaries

boundary conditions W, =0, at z=0

ensuring continuity of pﬁ:W’ and oW [0z = oW, | &z of 7=

vertical velocity and < A 2 !

pressure across layer W = W and OW,/0z=0W,/0z, at z=d,
W, =0,

at z=H



IWs dispersion relationship
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Vertical velocity profiles
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Thermocllne dlsplacements
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Thermocline displacements

n(,x,z) = iJ- Q"W (K, z)e'F2 gy, Displacement of the
pycnocline structure

vertical displacement of water
temperature, calculated taking into Oz, x) =0, [Z —n(z, x)]
account adiabatic change of water
temperature

0 g 60 0

200
1000

400
2000

Depth [m]

600

3000
800

4000 —60 1000

0 10 20 30 40 0 10 20 30 40
X [km)] X [km]






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

K. (K)=M,(K)D(K) = —iﬂfﬂ{f{j{%ﬁ{f{}.

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

. tans @ .
Koo(K) = —iM,(K) [ —=— — 1) Z5h(K).
i y

h(k), SWOT sea surface height Fourier coefficient, k IW wavenumber

C IW phase speed

KsigmaO(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
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0.1

L = C T, distance between leading edges
of IW packets, T =12.4 h for the semi -
diurnal lunar tide
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To compare with direct measurements of both SSHA and NRCS modulations
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Synergy between SWOT & Sentinel 1 A near the Congo River
Plume. SWOT ETAO project.
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For SWOT, oceanic convergence (divergence) means weaker (stronger) backscatter coefficient
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SWOT Sigma0 (dB) LR (250m)
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ISW South of the Canyon



