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The ocean model takes into account the following wave effects:

(1) The Stokes-Coriolis forcing (Hasselmann, 1970; Breyvik, 2015, 2016)
(2) Sea state dependent momentum flux (Janssen, 1989; Janssen, 2012);
(3) Sea state dependent energy flux (Craig and Banner, 1994)
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Wave forcing variables (WAM 4.6.2)

From a directional wave spectrum F(f,0), where f is the frequency and 6
the wave direction, the Stokes drift vector u, = (u, v) Is defined as:

JJA, (Stokes/Surfcurrent)*100%

2
u3=4—é’j”T fkF (f,0)dfdo
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The common practice in ocean modelling is to compute the wind surface stress
based on bulk formulas:

z-s — IOaCdU].ZO’

In NEMO, the drag coefficient for neutral stability conditions is by Large and
Yeager (2008)
g, 2.7 U
C,=10"(—"—~+0.142+ 2
U, 13.09

)

TWO wave dependent mechanisms are considered, in order to account for the impact
of waves to sea surface stress.

Momentum flux going into the sea from the waves model depends on:

(1) wave-modified drag coefficient, which changes the air-side stress and

(2) ocean side stress, which depends on the balance between wave growth and
dissipation
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The atmospheric stress and air-side friction velocity are related as:
Ta = pairu*2

The roughness of the sea surface:

u?

Lo =Qcy —

Qcy IS NOt a constant, but varies with the sea state (Janssen, 1986):

Xen

Fon = Ji-7,. /7, ’

The wave modified drag coefficient: (computed from WAM), Kz

D — 2
where k I1s the von Karman constant Iog (10/ Zo)



Variation of drag coefficient CD with
forcing wind speed FINO1 and FINO3
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The wave-induced stress is related to the wind input to the wave:

270

Tin = PuY !!gsinda’de

The dissipation stress is given by:

-

2m oo k
Tdiss = pwgf j dwda_sdiss (a)» 9)
o Jo w
Waves release momentum to the ocean when they break and therefore the
ocean side stress becomes:

2T W, l;)
Toc = Tg — pwgf f dwd6 Z (Sin + SdiSS + SNL)
0 0

The stress from waves Is archived as a hormalized quantity (normalized momentum
flux) and is applied as a factor to the air-side stress in NEMO as in Breivik et al (2015):

o
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North Sea: Meteo conditions extreme

storms Christian and Xavier
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Storm Xaver on 06.12.2013
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Oct-Dec, 2013 Storm Christian (29.10.2013)
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The impact of wind waves on
hydrodynamics
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The nonlinear source term contribution
I

The energy balance equation: 9 0 (= _
gy C —F +— (VsF) = Sin + St + Saiss

It implies that there is a balance in the high frequency tail between the input due to the
wind but also due to nonlinear transfer from lower frequencies and dissipation.

The contribution from the nonlinear source term has been previously omitted, on the
ground that it was thought to be small: o P
Toc\ = Ta> — Pwd f dwdb Z (Sin + Sdiss)

0 Yo
This cutoff frequency is not high enough - thus the contribution of the nonlinear source

term needs to be considered.

The ocean side stress becomes:

2T W@, I_C)
Toc = Tg — Pwd f dwd6 Z (Sin + Sdiss
0 0
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03 February, 2016 15:00 h
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The role of wave-induced forcing on

particle drift modelling
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Accounting for wind-waves forcing improve model predictions in the
shallow coastal waters

Effects of considering sea state and introducing wave-induced forcing on
simulated storm surges and circulation are important, especially during
extremes

The inclusion of Snl in the momentum and energy fluxes, although small
IS not negligible

Sea state dependent fluxes and the Stokes-Coriolis forcing introduced in
the ocean model are important for the e.g. drift-model applications or
better upwelling simulations.
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Thank you
for your attention!
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One grid point version of the model. Figure 1b

shows the time evolution of the non-dimensional

momentum flux into the ocean for different

constant wind forcing starting from noise level.
—In the early stage of development, the

ooooooooo

K omponents_SNL

waves are rapidly growing (1 a). As the waves
field evolves towards a fully developed state, the
version without SNL in WAM (modulus) is
~converging towards a value around 0.96 (blue
curves). Whereas when the nonlinear source
term is accounted for, the convergence is now
towards 1. Note also that in the early stage of
development, 1_oc drops less below one than
the current version.



Wind, wave and Fluxes
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