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Background

· Several past and ongoing projects at MET focusing on the impact of 
surface waves on the upper ocean dynamics, e.g.

- MyWave (FP7)

- BIOWAVE (RCN)

- Oilwave (RCN)

- Waves in oil and ice (RCN)

- WAMFLUX (FP7)

- Deep-C (GoMRI)

· In general, the waves have an impact on air-sea fluxes of mass, 
momentum and energy, as well as a direct influence on the oceanic 
momentum balance and turbulent kinetic energy.
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Complicated, highly nonlinear
problem. Wave-mean flow inter-
actions through radiation stresses/
vortex forces. Models for vertically 
integrated quantities are common.

Reasonably simple, model coupling
mainly through sea state dependent 
air-sea fluxes and body forces propor-
tional to the Stokes drift. Mixing still an
open question. Weakly nonlinear theory 
is OK.
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(The Stokes drift by Johannes Röhrs)

Surface waves possess mean momentum
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Mass and momentum balances

Stokes drift

Coriolis-Stokes force
Craik-Leibovich vortex
force (type II)

(from Sullivan and McWilliams, 2010)

CS force – a bit extra veering
CL2 force – Langmuir turbulence
Stokes drift – advection of tracers etc.
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+

(Röhrs et al., 2012)
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Air-sea fluxes

· Easy to calculate from wave model 2D spectra

· Local balances not required as waves can radiate away

· Momentum:

- total atmospheric flux = wave growth + Ekman current

- loss of mean wave momentum = increase in Ekman current

· Energy:

- dissipating waves = flux of TKE into ocean
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Example: momentum flux
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Wave-induced turbulent mixing

· Combination of several potentially important processes, e.g.

- TKE fluxes by dissipating waves

- Langmuir turbulence

- Stokes drift shear

- (direct) wave-induced turbulence

· No lack of theories, severe lack of observations

· Different theories can be hard to compare depending on analysis 
methods (Lagrangian, semi-Lagrangian, Eulerian)

· Use of LES as «truth» for validating parameterizations is problematic 
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Example: ocean TKE budget

(Janssen, 2012)

TKE – turb.
fluctuations

2D wave spectrum

mean hor. velocity shear

salinity and temperature 
profiles

turbulence 
dissipation ratepressure and vert. velocity 

fluctuations

TKE, turb. length scale
and stratification 
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Scale separation

· Assuming u = u' + ũ + û, what is the proper averaging procedure? It 
depends on the theoretical formulation!

· Example 1: Waves induce Langmuir turbulence, which has a slower 
time scale than the waves but influences the mean oceanic flow 
(Gargett and Grosch, 2014)

- T(ũ) << T(u') << T(û)

· Example 2: Small scale turbulence and wave decay (Milgram, 1999)

- T(u') << T(ũ) << T(û)
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Langmuir turbulence

(Thorpe, 2004)

(Sullivan et al., 2004)
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Vertical length/velocity scales of LC 
turbulence

· In shallow water (Gargett et al., 2004)

-  L = total water depth.

· In deep water without stratification (e.g. Polton and Belcher, 2007):

- L ~ Ekman depth (assuming eddy viscosity scales as u_*^2/f).

· In deep water with stratification (e.g. Grant and Belcher, 2009):

- L ~ mixed layer depth.

· Vertical velocity scale (see e.g. Gargett and Grosch, 2014):

- w_* = (Stokes drift^2 x u_*)^1/3

- w_* = (Stokes drift x u_*)^1/2
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Some parameterizations are based on the mixed layer depth,
e.g. Belcher et al. (2012) made a scaling of the turbulence
dissipation rate based on LES results.
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Distinction between mixed layer (already well mixed) 
and mixing layer (actively being mixed)

(from Sutherland et al., 2014)
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(from Sutherland et al., 2014)

Mixed layer (MLD) Mixing layer (XLD)
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We have a problem if wave mixing parameterizations based 
on model state variables fail. More research is needed.

Parameterization works 
if the MLD is substituted 
with the XLD.
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Transport of buoyant particles

· Balance between rise velocity 
and turbulent downward mixing 
(Sundby, 1983).

· In addition we have advection by 
Stokes drift and modifications to 
the Ekman current due to waves.

· Correctly modeling the vertical 
distribution is crucial (more on 
that later on).

(from Drivdal et al., 2014)
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Outstanding issues

· Understanding the vertical structure of oceanic turbulence is crucial, 
and progress cannot be made unless more detailed measurements 
become available. This includes (at least)

- air-sea turbulent momentum and heat fluxes

- 2D wave spectra

- hires upper ocean Eulerian mean currents

- hires upper ocean stratification

- upper ocean turbulence dissipation rates

· Measuring the impact on buoyant tracers is useful since they rise to 
the surface unless actively being mixed down (cf. MLD vs. XLD).

· Vertical profiles of buoyant tracers are difficult to obtain, but there is 
maybe some hope in new acoustic techniques (more on that later on).
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