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Summary and Conclusions

Significant reduction of model bias and RMSE in most parts
(15% on average on Hs, 25 % on Tp, relative to BAJ) with
TEST441

The addition of a swell ¢ er with the
Introcuction of alocal s wave breaking
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~ Mueh more details-in Ardhuin et al.2009, submitted.to JPO
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TOPERAWWS SBWH BIAS 20042005 n=10 +-0.8

ERVISAT-WAYS SWH BIAS 20042005 n=10 +0.8
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-WW3-BAJ -TOPEX, GFO end ENVISAT
patterns are very similar

-Model SWH are overestimated (blue, up to
0.4 m) over the intertopical eastern Pacific
and in the southern Atlantic

-Model SWH are underestimated (red) in the
north-west side of Atlantlic and Pacific
oceans, and is some narrow bands
(currents effects?)
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’ Wind input from BAJ (ECWAM)

S; (f,0)=pwF(f,H) Fxponentalgrowth
2

f=em, cos’ (6 — @),

€ air-water density ratio, ¢ wave speed
¢ direction of wave propagation, ¢ wind direction, u. friction
velocity,M 5 is the Miles parameter, positive if u./c > threshold

2

| -~ | dk KS
Wave induced stress, computed from the input source term—7,, — N9,

KU
10 %0 = _ *
N TW
( AO) 9 1- [$ METEO FRANCE
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' Modifications by par Makin et Stam (WAM_MA)

cos(6 -8, Jcos(6 -0, |oF (w)

if R>0, otherwise cos?

n
i Negative input in presence of swell or
with opposing winds

C
Uso

m, =0.045,m, =0.3,n, =5
2

The friction velocity is obtained through a modern theory taking
account air-flow separation by dominant waves (Kudrastiev and Makin).
The Drag coefficient depends on the wind sea age (Cp/uy).
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%Term for swell damping from Ardhuin et al. (2009)

~>Due to friction at the air-sea interface. 2 formulations depending on
the boundary layer state: laminar or turbulent. Depends on the Reynolds

ber (R,).
eneer @R, = Ayag 1V,

orb

(v,,,) significant surface orbital velocity
(a,,) significant surface displacement amplitudes .

Sout(f 19) — _125{2k\/%}|:(f ’(9) laminar
Sout(f ,(9) = _5{16 fea)zuorb /g}F(f ,9) turbulent

f, =0.7f, oy +[0.015-0.018cos(@ — @) u. /u,,

Empirical adjustments from SAR data (see poster P3)[’ METEO FRANCE



' Dissipation term in BAJ (ECWAM)

(whitecapping

Sdis(f’e):7 a’" F(f"g)
vy, aand m are
- - constants to be
adjusted _
<a)> = j Fda)/'[ Fdo/! o Mean frequency : foam pressure proportional to

wave amplitudes

\m _ J- Fda)/j Fda)/\/E Mean wave number: dumping of short waves

by dominant waves

2 2 Mean steepness: foam coverage depends on
a = <k> dea) the mean wave steepness.

Problem in mixed seas conditions: sea + swell

swell=> mean steepness decreases - less dissipation—> growth of wind sea too
strong (trade wind area for instance)

Sea - mean steepness increases - more dissipation—> too much swell
dissipatiion - underprediction of large swell events METEO FRANCE
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' Modification proposed by Alves and Banner

implemented in WAM_MA (Lefévre et al. 2004)

el (3]

sy <k>

1

B(k) = 2— - (f )Cg k3 Introduction of the saturation spectrum
7T
. — 12 1"
p= Po | Po tanhi10 ik) ~1|;
2 2 B,

When B(k) > B, then : p = p, and dissipation governed mainly by the ratio B(k)/B,
(wind sea). For B(k) < B, p=0 and the dissipation is governed by the mean wave
steepness.

[’ METEO FRANCE

Toujours un temps d’avance



' Modifications from Ardhuin et al. (2009)

Non isotropic dissipation :

97 A+ Af
B(f) =2nr f B E(f,0)/C,d6, B (f.0) =2 /@ FE(f.0)/C,d0,
0

—Af

-> Better adjustment of the mean direction and angular spreading
-> Breaking: threshold mechanism from the saturation spectrum

Sas(f.0) = 0Cs {6 [ma.}{ \

+(1 —9) [1113.}{ { B g"é}) — m}r} F(f,0).

r

_¢F(f, e)ojf zj@ max{\/B(f".0") - /B, ,O}é—cl.dé?'df'

g

Last term for the dumping of short waves by METEO FRANCE
dominant waves Toujours un temps d’avance
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Wave height bias with respect to ENVISAT and Jason (model - alt)
model hindcast from 1 January 2007 to 31 December 2007
control (f3bd)

11313139393 .3892233131
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2. One year simulation (2007) with validation
with ENVISAT and Jason

Wave height bias with respect to ENVISAT and Jason (model - alt)
model hindcast from 1 January 2007 to 31 December 2007

s Janssen and
.. Bidlot, 2009
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