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The S|te’ transects a nd |nSt ruments Fieldwork by Rocky Geyer & Andone Lavery (June 2017)
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Instability train at the pycnocline revealed by echosounder

volume scattering

track direction <= strength Sv, dB
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Acoustic backscatter is a proxy for mixing rate Sy = 5logqy xs + const.

Xs = 2D.|Vs'| dissipation rate of salinity variance

Lavery, Geyer & Scully, J. Acous. Soc. Am. (2013) di | i
~ diapycndl mixing rate



. . Transect 12
Continuous shear forcing

Example of a shipboard transect
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Transect T2 Example of a shipboard transect

Continuous shear forcing
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Multibeam reveals the spatial structure and lifecycle of instabilities
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BT2: Frame 846 of 1600 (UTC: 30-Jun-2017 16:06:20)




Multibeam reveals the spatial structure and lifecycle of instabilities

Combine 75 individual beams =2 120-degree fan

Motion correction (boat heave, pitch and roll)

Multibeam disentangles space and time

depth, m
O NO O p WON =
e ¥

1 | 1
150 100 50 0

distance from reference point, m

1:1 aspect ratio Real speed
Sequence

BT2: Frame 846 of 1600 (UTC: 30-Jun-2017 16:06:20)

Contrast with KH breaking in the lab

—— =

Source: www.youtube.com/@graeworster3385



Turbulent BRAID mixing without CORE overturn

Slopes measured in 30 events from multibeam:
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moderate slopes — too shallow to overturn

Why braid turbulence?

Why no core overturn?



Mechanism: secondary stratified shear instability at high Re 2D simulations

negative b, t = 20.0 negative b, t = 20.0
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already proposed by

Geyer et al. Geophys. Res. Lett. (2010)



Further evidence of braid secondary shear instability
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Modelling the braid mixing rate and its small-scale structure

22
Pycnocline ®) e = — = = —
scale:
2m
Braid scale: pycnocline
same baroclinic forcing l
and Ri ~ 0.10 - 0.15 .
braid
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!

extreme As filaments

baroclinic turbulent
production diffusion

Dissipation:
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e ~ 0.05 a Ri ( p ) ~ 0.007 « 6° S°
x 10-100 in braid
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x 100 - 10 000 in braid
Validated by laboratory experiments

E BN EEEEEEEEEEER a

Consistent with prior €, Y. measurements in this estuary Little mixing in overturns, even at the smallest scales



Takeaways

1. Shear instability under continuous shear forcing (Ri = 0.1 — 0.15)
mix along thin, sloping braids rather than through large overturns

2. Multibeam echo-sounding disentangles spatial and temporal
evolution, confirming shallow braid slopes a = 0.2 — 0.4

3. At high Re, stratified braid baroclinicity triggers fast secondary

shear instabilities and turbulence that pre-empt primary overturn

4. A simple baroclinic production—dissipation balance predicts € and

X< at both pycnocline and braid scales as a function of local @, 9,5, N

5. Elevated braid € and y, predictions match the field, and lab data

reveal extreme ¥ in fine sub-mm filaments, not overturns




Gallery of shear instabilities

Knight Inlet, Colbo et al. (2014) Connecticut River estuary,

Baltic Sea, Muchowski et al. (2022)
(a) Geyer et al. (2010) :

Fraser River estuary,
Geyer & Smith (1987)

Ty

Changjiang River estuary,
(g) Tu et al. (2022)
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