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Explicit evaluation of wave effect is crucial for
OGCM and coupled models
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O Parameterization of the Stokes drift
- 0O LES forcing parameters
O Impact of the WMF on the Ekman transport
O Mixing (Non-wave breaking)
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I NTIRIERE CIfIC @©cean, the Stokes drift IS mainly.
conif m.:_;o* ear: the surface and the Stokes depth
SGel Je S f the order of the significant wave height.
;_.IJ - Yconv of wave induced-mass flux is
1§n|f|cantly modified by local fetch, the coast and

ﬁ_ﬁ""‘ -
-.—-__- — =ocean currents.

=] For the application of wave-current coupling
processes to OGCM, It is clear that high vertical
resolution Is required to accurately represent the
Stokes drift field.
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j o*F(f,0)(cos0,sin §)-exp(2kz)dfde

u(z)=u"-—-u- (e.g., Phillips, 1977)

_Wave induced-mass flux in Eulerian coordinate is equal to the
Stokes transport (depth-integrated Stokes drift);

M" = p[* T (2)dz ~ p ng 0% (2)dz



Peeanwave hindcasts in the Pagcific

208
110E 120E 130E 140E 150E 160E 170E 180 170W 160W 150W 140W 130W 120W 110W 100W 90




ARUEITEan of the'Stokes driftiield
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The surface Stokes drift (arrows with white speed contours,
cm/s) and Stokes e-folding depths (color, m)
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IRStantaneous plane view.of the Stokes drifit

SUrFdcemvindector. & wave height Surface Stokes drift,&d épts scale,(spec)
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Emplrlcal (wind and wave)
U, = f(U,,, Hs, fc)

Li'& Garrett (1993):
Wind speed only

U, =0.015U,,

Location
46002
N: 25327

NB (%)  RMSE (cm/s) C.C.
ww3s 2.0 2.84 0.91
ww3bulk  —64.42 9.70 0.71
AMRFR09  -2.80 3.44 0.86
LG93 6.83 4.89 0.70

ww3spec 6.45 2.71 0.91
ww3bulk  -63.47 8.92 0.74

AMRFR09 3.78 3.19 0.87
LG93 12.70 4.69 0.72

ww3spec -2.42 3.80 0.89
ww3bulk  -59.20 11.02 0.75
AMRFRO09 -2.61 4.56 0.83
LG93 2.87 5.97 0.69

ww3spec 9.37 2.04 0.88
ww3bulk  -68.13 6.80 0.62
AMRFRO09 -1.24 2.23 0.82

LGO93 23.04 3.37 0.74

ww3spec -6.18 2.23 0.78
ww3bulk  -73.29 6.88 0.51
AMRFRO09 -7.51 2.55 0.70
LG93 19.19 2.95 0.70

ww3spec 21.81 2.19 0.89
ww3bulk  -67.54 5.46 0.59

AMRFRO09 15.92 2.19 0.79
LG93 46.09 4.04 0.74
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e turbulent Fangmuirgnumber; La =3/u/Us
= &he stokesie-folding depth Dq

(a) LES forcing parameters ————
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Harcourt and D’Asaro (2008)
This study (North Pacific)




“Wave induced=mass flux

(a) Stokes/Ekman Transport Ratio (Magnitude)

Annual Mean 1979-1985 Climatology

CONTOUR FROM 0.1 TO 1.1 BY CONTOUR INTERVAL 0.1



e

e

VRS ‘h x__jx:‘ \:\.x“x‘w-h.
\,;\\‘ A :\: NN e E

y
% &
I" L
% K "'lu
h,
AR

AR

SN

180E 165E 170E 175E

1 rmisT

Significant wave height and wave-induced mass flux



I\/Ionth%ean Wwavesield (Feb:2007)
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Divergence of WMF and geostrophic current
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Bv ~u_exp(3kz) (Qiao et al. 2010) oAl etior:y
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Wertar e Jgo th q.SOO m (dz 1m) 30N

I EMpe: m ru € stratlflcatlon T,(z) = max(24 + 0.05z,5)
wWiglel 3o ‘ d 8 sm, wave filed Hs: 1.65, Tp: 5.9s

VV/IiEh - @‘ _..t-=_the Stokes-Coriolis force in momentum eguations

; |.I‘l'l ]

"l\/IY2 5: I\/Iellor and Yamada L2.5 closure model
MBO4 : Mellor and Blumberg (2004); Wave breaking
KC04: Kantha and Clayson (2004); Stokes production
Q04 : Qrao et al. (2004); Bv modeling
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onclusions

We invesileziicleNigls Stokes HEtmrrealistic wave fields and'its

IMPECHONNErtical i gUnltheupperoceanby using asthird.

ganaration wr_.!__y_ad' ———

Sitokas o fgﬁgly depends on spectral shape.

[ Epe ,):m bééan mean Stokes e-folding depth scale Is of the
Jf_]éf J_p 5|gn|f|cant wave height.

rmo tlal characterlstlcs of the Stokes drift can be explained by
= CO SItlerlng the spectral evolution of ocean surface waves.
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- he dlvergence of wave induced-mass flux is significantly
modified by local fetch, the coast and ocean currents.

For the application of wave-current coupling processes to OGCM,
It IS clear. that high vertical resolution is required to accurately
represent the Stokes drift field.
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