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Coupling of wave, atmosphere & ocean models ...

Fabrice Ardhuin

With the help of many
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2015 Spring waves course

Why worry about coupling ?
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Wave motion occurs on both side of the air-sea interface … 

– Waves are influenced by winds

– Waves are influenced by currents, water levels, bottom roughness

– Waves are influenced by sea ice

… and there is a feedback

– The surface roughness (waves) modifies the wind stress

– Waves generate currents and modify water levels and bottom roughness

– Waves enhance the upper ocean mixing

– Waves break up the ice and push it around

If that feedback has a significant influence on the waves … 

… you need to couple the wave model to the other component

1. Why couple ? 
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1. Why couple ? 

From Doyle 2012
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Example with storm surges
(Mastenbroek JPO 1993)

→ using a wave-age 
dependent wind stress

For this North Sea application,
 « forcing » may be enough
(no obvious feedback of surge on 
waves at that scale … not true for
flooding cases 
→ e.g. COAWST applications)

1. Why couple ? 
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1. Why couple ? 
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Importance for the ocean

(Janssen 2004)

These results are from the 

ECMWF WAM model

1. Why couple ? 
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 … Here with forcing only … 

1. Why couple ? 
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1. Why couple ? 

Waves and sea ice … 
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2018 summer school

Parameters for coupling
(2.6 in WW3 manual)
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These can also come from a coupled model … 

2.1 Input for WW3
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Can be used to force other model, these are 2-component vectors: 

2.2 Ouput of WW3

Momentum fluxes

Scalars related to momentum flux:
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3. Energy fluxes 

(W/m²)
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3. Bottom boundary layer
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3. Ice stuff
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3. Stokes drift & related stuff
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3. Stokes drift & related stuff



22wwz.ifremer.fr/iowaga  

2018 summer school

Wave-current interactions
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Stokes drift example for 
monochromatic 

linear waves

3. Wave-current interaction
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Stokes drift in Miche waves
(from Ardhuin et al. Ocean Model. 2008)

3. Wave-current interaction
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From the Lagrangian mean velocity  UL  we can define a quasi-Eulerian velocity 
according to Jenkins (1989): û = UL -Us

 

But how do we get a Lagrangian field ? 
Generalized Lagrangian Mean  (see later).

Now for a uniform horizontal ocean we have

Us times f is called the « Stokes – Coriolis force » 

The eddy viscosity is related to wave breaking (Craig and Banner 1994, Terray & al. 
1996 ...).

û is expected to be almost uniform near the surface due to a strong mixing 

3. Wave-current interaction

The 1D model
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How does that square with Stokes' theory? 
The transversal wave component (v) is in phase with u, so that d<uv>/dz is f*us this 
« Hasselmann stress » sets up a current that opposes the Stokes drift (Hasselmann 
1970). (see also Xu and Bowen JPO 1994). 

Can we measure this Hasselmann / Sokes-Coriolis effect ? 

Polton et al. (JPO 2005) argued yes  ... 

In steady state without mixing we have 

3. Wave-current interaction

The 1D model
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Academic case 
with deepening 

of mixed layer: current response
is a function of stratification

The “counter-drift” is contained 
in the red quasi-Eulerian profile

The depth-integral of u + Us is zero
and the depth-integral of v is the usual Ekman transport tau/f

3. Wave-current interaction

The 1D model
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How good are the vertical current profiles predicted ?  (Rascle & Ardhuin JGR 2009)

No SC
Polton et al. (2005)

no stratification, stationary, 
small surface mixing

Average current 
profile duringLOTUS 3

in Sargasso Sea

SC based on PM 
spectrum

3. Wave-current interaction

The 1D model
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Momentum equation formulated for: 

 - total momentum (includes Stokes drift): this is too complex 
(vertical flux of wave momentum is a strange beast)

- mean flow momentum only

3. Wave-current interaction

Going 3D … 



Les MNT dans la modélisation côtière - 
Journée Valor'IG09
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 pressure modification 
by waves (adiabatic)

Vortex force

hydrostatic 
pressure

 

  
  

Diabatic effects :  mixing plus + source of momentum from waves
(parameterization necessary for vertical profiles)

Traditional but partly inadequate parameterization:

Original GLM for 
constant density: 

2nd order approximation (glm2-RANS):

Adiabatic equations 
consistent with 
McWilliams et al (2004)

3. Wave-current interaction

Going 3D … 
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3. Wave-current interaction

Going 3D … 

Rascle (2007) used a simple 
Thornton & Guza model 
to force ROMS
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A related approach has 
been used by Newberger 
and Allen (JGR 2007) for 
surf zones 

3. Wave-current interaction

Going 3D … 
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A proper averaging of the 
mixing (with a not-so-
proper mixing 
parameterization) gives the 
observed current profiles

(Groeneweg and Klopman 
JFM 1998).  

3. Wave-current interaction

Going 3D … 
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Mellor (2003) and and Mellor (2008) use total momentum 

but … 

- improper approximation for the vertical flux

 <p ds/dx> in Mellor (2003)

- vertical flux <p ds/dx> completely absent  in Mellor (2008)

Is that important ?  

3. Wave-current interaction

Going 3D … 
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Let's take a simple case without dissipative effects: shoaling

Waves go from left to right. 

T=5.24 s, Hs= 1.02 m 

Cg change: 5.4%

Hs change: 2.7%

C change: 16 %

Us change > 20%

Correct solution given by Longuet-Higgins, Rivero & Sanchez 
Arcilla … (Eulerian analysis), confirmed by good numerical 
solution for Lagrangian flow (Ardhuin et al. OM 2008)

3. Wave-current interaction

Going 3D … 
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Let's take a simple case without dissipative effects: shoaling

Correct solution by U=u+Us

(steady state)

Numerical result (MARS3D-WWATCH)

(after 15') with Mellor (2003) equations

3. Wave-current interaction

Going 3D … 
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Mellor (2008) is even worse: - depth-integrated equations are not correct 
(different from Phillips 1977)

And velocity profiles are … crazy! 

No surprise: 

delta function on the vertical … 

3. Wave-current interaction

Going 3D … 
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« Old approach »

2-way coupling of WAVEWATCH III  and MARS3D with PALM

- based on WWATCH version 3.14_Ifremer&SHOM  and MARS3D version 8.0

- wrong equations (Mellor 2003 and 2008) well implemented

- correct equations 

3. Wave-current interaction

implementation
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« New approaches »

- use of OASIS-MCT : coupling through the MPI communicator

- ESMF 

4. Coupling

implementation
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