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NEMO-‐Wave	  Coupling	  Working	  Group	  
Ongoing	  work	  

	  
E.	  Clemen9	  (INGV)	  



Understanding	  the	  relevance	  of	  Atmosphere-‐Wave-‐Ocean	  exchanges	  processes	  and	  their	  
roles	  in	  driving	  the	  ocean	  circula:on	  at	  both	  coastal	  and	  global	  scales,	  the	  NEMO	  
consor:um	  has	  decided	  to	  dedicate	  specific	  effort	  to	  address	  this	  issue,	  crea:ng	  a	  Working	  
Group	  with	  the	  specific	  goal	  to	  iden:fy	  required	  ac:ons	  and	  models	  developments.	  	  
	  
There	  are	  many	  processes	  occurring	  at	  the	  interface	  between	  the	  Atmosphere	  and	  the	  
Ocean.	  We	  focus	  our	  aIen:on	  on	  the	  Wave-‐Atmosphere-‐Ocean	  coupling.	  In	  par:cular	  the	  
working	  group	  will	  explore	  the	  way	  in	  which	  surface	  gravity	  waves	  can	  influence	  the	  ocean	  
circula:on.	  	  
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MAIN	  OBJECTIVES	  OF	  THE	  WG	  
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•	  	  Surface	  Drag	  (neutral	  from	  wave,	  turbulent	  added	  in	  NEMO);	  
	  
•	  3D	  stokes	  dric	  computa:on;	  
	  
•	  External	  data:	  Neutral	  Surface	  Drag	  Coeff;	  Surface	  Stokes	  Dric;	  Mean	  Wave	  number	  
	  
	  

ACTUAL	  WAVE	  IMPLEMENTATION	  IN	  NEMO	  



A	  2-‐day	  mee9ng	  on	  atmo-‐wave-‐ocean	  current	  interac:ons	  has	  been	  carried	  out	  in	  May	  at	  
ECMWF	  (Reading)	  with	  the	  par:cipa:on	  of	  internal	  members	  and	  external	  experts.	  	  

•  1st	  day:	  scien:fic	  presenta:ons	  and	  discussion	  

•  2nd	  day:	  technical	  implementa:on	  of	  wave	  effects	  in	  NEMO	  has	  been	  discussed	  

Mee:ng	  Minutes	  and	  a	  discussion	  document	  have	  been	  created	  and	  distributed	  

- 	  
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1st	  step	  development:	  implement	  a	  set	  of	  large	  scale	  wave	  effects	  

1)  Technical	  issues	  have	  been	  iden:fied	  with	  respect	  to	  a	  development	  branch	  created	  
implemen:ng	  the	  work	  done	  by	  ECMWF	  (Branch	  2014/dev_r4642_WavesWG)	  

2)  According	  to	  NEMO-‐ST	  the	  technical	  implementa:on	  must	  be	  carried	  out	  within	  the	  WG	  

3)  A	  new	  branch	  has	  been	  created	  by	  INGV	  (branches/2014/dev_r4822_INGV_WAVE)	  	  	  
star:ng	  implemen:ng	  the	  ac:ons	  that	  have	  been	  iden:fied	  	  

4)  Create	  a	  configura:on	  to	  test	  wave	  related	  developments	  

2nd	  phase	  development:	  	  inclusion	  of	  the	  wave	  effect	  on	  coastal	  areas	  regimes	  	  

MAIN	  OUTCOMES	  

2014	  WG	  ACTIVITIES	  
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1.  3D	  Stokes	  Dric	  calcula:on:	  According	  “Approximate	  Stokes	  Dric	  Profiles	  in	  Deep	  Water”	  Ø.	  

Breivik,	  P.	  Janssen,	  J-‐R	  Bidlot.	  DOI:	  10.1175/JPO-‐D-‐14-‐0020.1.	  JPO;	  

2.  Ver:cal	  Turbulence,	  in	  addi:on	  to	  TKE	  implement	  the	  Qiao	  (2010)	  formula:on	  (works	  with	  
all	  the	  ver:cal	  closure	  schemes);	  

3.  Modify	  the	  surface	  ver:cal	  velocity	  accoun:ng	  for	  the	  Stokes	  Dric;	  

4.  Include	  in	  the	  tracer	  advec:on	  the	  Stokes	  component;	  

5.  Generaliza:on	  of	  the	  surface	  boundary	  condi:on	  for	  momentum	  accoun:ng	  for	  the	  wave	  
effects;	  

6.  Computa:on	  of	  the	  Stokes-‐Coriolis	  Force	  in	  both	  flux	  and	  vector	  invariant	  form	  and	  
according	  the	  exis:ng	  schemes	  +	  :me	  splisng	  case	  

	  
	  

TECHNICAL	  ISSUES	  WG	  DECIDED	  TO	  	  IMPLEMENT	  
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1.	  Modifica9on	  of	  3D	  Stokes	  DriW	  calcula:on	  according	  to	  Breivik	  et	  al.,	  2014	  
	  
	  
	  
	  
	  

	   	  	  
	  
u0=surface	  Stokes	  dric;	  Km=mean	  wave	  period;	  Ke=effec:ve	  wave	  number	  
Tst=Stokes	  transport;	  Hs=	  significant	  wave	  height;	  ω	  =wave	  frequency	  
	  
OPA_SRC/SBC/sbcwave.F90	  
External	  data:	  surface	  Stokes	  dric,	  mean	  period,	  significant	  wave	  height	  
	  

In	  Branch	  2014/dev_r4822_INGV_WAVE	  
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Figure 6: Panel a: 20-yr average SST difference between CTRL and OIv2. Panel b: difference between a run with

TKE mixing dictated by the energy flux from the ERA-Interim WAM model and OIv2, giving smaller biases in the

summer hemisphere.

exponential profile of a monochromatic wave,

um = u0 e2kmz.

We have found that an alternative to the exponential profile of the form

ue = u0
e2kez

1−8kez
. (37)

yields a closer agreement with the full profile than the monochromatic approximation. The transport
under such a profile can be obtained analytically and involves the exponential integral E1 (Abramowitz
and Stegun, 1972,5.1.28). It becomes

|Tst |=
|u0|e1/4E1(1/4)

8ke

and by inverting this equation one obtains the effective wavenumber ke as function of the Stokes drift at
the surface and the Stokes transport, or,

ke =
|u0|e1/4E1(1/4)

8|Tst |
≈

|u0|
5.97|Tst |

(38)

In a similar manner an expression for the typical wavenumber km of the monochromatic case can be
obtained with the result that km = |u0|/2|Tst |, implying that with the new, more accurate approximation
(37) an increase in penetration depth by about a factor of 3 is found. Therefore, with the profile (37)
Stokes-Coriolis effects are felt to much greater depth.
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Finally, the Stokes transport is estimated from spectral information in the following manner. Introduce
the mean angular frequency ω = m1/m0 and the significant wave height HS = 4

√
m0, then the following

estimate of the Stokes transport may be found:

Tst =
1

16
ωH2

S k̂s. (39)

Here k̂s = (sinθs,cosθs) is the unit vector in the direction θs of the Stokes transport.

The NEMO implementation computes the Stokes-Coriolis force and adds it to the momentum equation
at the appropriate U and V points as a tendency. Contributions below 150 m are ignored because at those
depths the Stokes drift is vanishingly small, even for strong wind speeds (for old windsea the Stokes
profile has an e-folding depth of (2ke)−1 ≈ 0.03U2

10, which for a 20 m/s wind equals 10 m). For real
profiles the presence of swell may substantially increase the penetration depth, but even accounting for
long swell a cutoff at 150 m depth is sufficient.

The effect of the Stokes-Coriolis forcing on SST is mainly seen in the extratropics, which is natural since
it scales with the Coriolis frequency. The differences are on the order of 0.5 K compared with CTRL as
can be seen in Fig. A3.

3.4 Impact of energy flux from waves on SST

The energy flux from breaking waves to the ocean is described in Sec 2.2. The implementation in NEMO
also takes into account the thickness ∆z of the uppermost model level.

If we assume, as do Craig and Banner (1994) and Mellor and Blumberg (2004), that in the uppermost,
wave-affected layer, the roughness length can be set to a constant which we choose to be zw = 0.5HS and
that in this near-surface region diffusion balances dissipation, then Eq. (25) has the simple solution

e(z) = e0 ez/zcb ,

where the decay length scale for TKE is given by

zcb =
1

2
SqBκ2zw.
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Figure 7: Standard deviation of errors in modelled SST, obtained from a comparison with OIv2 SST analyses.The

left panel, labeled WAM, shows the STD errors when all sea state effects are switched on, while the right panel

shows the STD errors obtained from CTRL.
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2.	  Ver9cal	  Turbulence:	  implemented	  the	  Qiao	  (2010)	  formula:on	  (works	  with	  all	  the	  ver:cal	  
closure	  schemes):	  	  
	  
Evaluate	  the	  Qiao	  enhanved	  ver:cal	  mixing	  parameter	  
OPA_SRC/ZDF/zdfqiao.F90	  
External	  data:	  mean	  wavenumber	  k	  
	  
Add	  Qiao	  parameter	  to	  ver:cal	  viscosity	  and	  diffusivity	  
OPA_SRC/step.F90:	  	  
	  
	  
	  
	  
	  
	  

€ 

Bv= αAUs(0)e
3kz

€ 

Km →Km + Bv
Kh → Kh +Bv

In	  Branch	  2014/dev_r4822_INGV_WAVE	  
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In	  Branch	  2014/dev_r4822_INGV_WAVE	  

3.	  Surface	  ver9cal	  velocity	  accoun:ng	  for	  the	  Stokes	  Dric.	  The	  Eulerian	  ver:cal	  velocity	  at	  the	  
surface	  is	  related	  (Bennis	  et	  al.,	  2011)	  to	  the	  surface	  height	  	  by	  
	  
	  
	  
	  
	  
	  
	  
	  
OPA_SRC/DYN/sshwzv.F90	  	  
	  
	  

ŵ = ŵ+Us z=η ⋅∇h (η̂)−Ws z=η
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4.	  Tracer	  advec9on	  
Include	  in	  the	  tracer	  advec:on	  the	  Stokes	  components	  
Add	  Stokes	  dric	  to	  eulerian	  velocity	  in	  tracer	  advec:on	  
	  
	  
	  
	  
	  
	  
OPA_SRC/TRA/traadv.F90	  
	  

Ready	  for	  branch	  2014/dev_r4822_INGV_WAVE	  
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5.	  Surface	  boundary	  condi9on	  for	  the	  momentum	  	  
	  
	  
	  
	  
	  
	  
Modify	  the	  wind	  stress	  accoun:ng	  for	  the	  stress	  frac:on	  absorbed	  by	  the	  wave	  
(tauoc_wave	  read	  from	  wave	  model),	  that	  must	  be	  subtracted	  from	  the	  wind	  stress	  
	  	  
	  
SBC/sbcmod.F90	  
External	  data:stress	  frac:on	  absorbed	  by	  the	  wave:	  tauoc_wave	  
	  
	  
	  

Ready	  for	  branch	  2014/dev_r4822_INGV_WAVE	  
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6.	  Stokes-‐Coriolis	  and	  metric	  terms	  +	  Time	  splieng	  
	  
	  
	  
Implementa:on	  of	  the	  Stokes-‐Coriolis	  force	  in	  both	  flux	  form	  and	  vector	  invariant	  form	  
according	  to	  the	  exis:ng	  numerical	  schemes	  and	  accoun:ng	  for	  the	  curvature	  metric	  term	  for	  
the	  Stokes	  Dric	  when	  flux	  form	  is	  used.	  
	  
Implementa:on	  of	  the	  :me-‐splisng	  case	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

In	  branch	  2014/dev_r4822_INGV_WAVE	  
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1)  Finalize	  the	  developments	  in	  the	  created	  branch	  	  

2)  Review	  the	  interface	  for	  external	  data	  (sbc_wave	  and	  related	  namelist)	  

3)  Test	  the	  wave	  related	  developments	  on	  a	  proper	  configura:on	  

4)  Start	  discussion	  on	  implementa:on	  of	  small	  scale	  coastal	  processes	  	  

2015	  WG	  ACTIVITIES	  


