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In small to moderate fetch conditions (typical distance from US
coast to buoys locations 100-400 km), WAM and WW3
underpredict wave heights by about 15% in winter. For smaller
fetch (< 100 km, in the Med Sea for instance, Cavaleri et al., WISE
meeting 2003), the underprediction is even larger for WWS3.
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Motivations (Cont.)

» An explanation for such WAM4 behaviour can be found in Banner and Young 94
and Alves and Banner 2002 : the WAM4 dissipation formulation results in the
dissipation rate at the spectral peak that is too low during very young sea growth and
too strong for old wind seas.

» The dissipation formulation as it is implemented in WAMA4 is very sensitive on the
occurrence of swell or wind sea in mixed sea-swell situations as shown by
Ardhuin et al. (WISE 2003) in a SHOWEX study.

»A modern WOWC theory was recently developed by Makin and Kudryastsev
(1999, 2001, 2002)

» This theory based on the direct coupling of waves of all scales to the wind
accounts for stress due to the separation of the airflow (AFS) from short and
dominant waves and also for the wave-induced stress.

» The parameterization of the surface stress (sea drag) is based on this theory and
it accounts for the wind speed, wave age (and finite bottom dependencies of the
surface stress in shalow water).
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»p = 0 when B(k)<Br (Br is a threshold saturation parameter), corresponds to the
background diss. rate of swell. The A&B formulation is then very similar to WAM3
(win A&B instead of < w >, leading to a slightly smaller dissipation of swell and a

stronger dissipation of sea.

»p=p,=6 otherwise (steep waves)
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»Makin and Kudryavtsev (1999) ® new formulation: m, =0.045
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This is an extension of Plant (1982) relation for fast moving waves :
»R~1 for slowly moving waves, R~O0 for fully dev. seas
»R is negative for fast moving waves or waves travelling against wind
»Cb=max(-20,Cb) (tests with Cb=max(-100,Cb))



»>»WAM_MM Makin input source term and Alves and Banner Diss.
p=0, p=6, p=0t6

»WAM M3 Makin Input source term, WAM3 Diss term
»WAM M4 Makin Input source term, WAM4 Diss term

» 2 periods of 1 month: February and July 2002
» Global grid : 1° x 1°
» Wind input every 6h for all wave models from IFS/ECMWF NWP model
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Hindcasted significant wave height (ECMWF wind forcing) and averaged buoy data at buoy 46005
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WAM4 dissipation.

> Alves and Banner (2003) suggested that (B(k)/B,)®"2 should approach

assimptotically 1 in case of spectral components with reduced local steepness, like
swell (p=0).
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Hindcasted signiticant wave height (ECMWF wind forcing) and averaged buoy data at buoy 46003
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Hindcasted mean period (ECMWF wind forcing) and averaged buoy data at buoy 46005
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Hindcasted signiticant wave height (ECMWF wind forcing) and averaged buoy data at buoy 44141
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Hindcasted significant wave height (ECMWF wind forcing) and averaged buoy data at buoy 44141
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Hindcasted mean period (ECMWF wind forcing) and averaged buoy data at buoy 44141
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T
Sensitivity and intercomparison study

Makin and Stam implementation (2003).

» Alves and Banner (2003) suggested to define p as a function of the ratio
(B(K)/B,).

» In this way, p is equal to O for waves with a reduced local steepness
(swells) and it takes a constant value p, (6 in our experiments) for waves
with large local steepness (sea).

» The experiments made with WAM_MM cb-20 pOt6 showed that the
Improvements in swell dissipation are still kept, while the

overestimation of the windsea peaks is removed.
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Hindcasted significant wave height (ECMWF wind forcing) and averaged buoy data at buoy 46003
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Hindcasted significant wave height (ECMWF wind forcing) and averaged buoy data at buoy 44141
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ECMWF winds
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Model

ECMWF

VAGI dw

VAG2 dw

VAGS dw

WAM dw

WW3 dw

Mo, of entries

2010

2490

2490 2490

2490

2490

Buoy mean

8.87

3.69

3.69 3.69

3.69

Bias

(hL.G61

-().08

-(1.26 -{.05

-0.46

9
02)

Rins error

1.74

0.77

(.74 (.70

(.74

ALGT

Seatter index

(L18

0.21

0.19 0.19

(.16

(.17

Symmetric slope

1.08

0.96

(.98

0.92

0.87

(0.9

Mlodel WAnl sw || WANM MDA sw | WAMDDM sw | WAMADM sw |WALRL_KALT sw || WAM_MS sw | WAM_M4L sw
(ch-20 p6) (ch-20 p0) (ch-100 p6) || (ch-20 pot6) || (cb-20 p0) | (eb-20 po0)

MNo. of entries 24490 2400 2400 2490 2490 2490 2400
Buoy mean 3.60 3.69 a.64 3.69 3.689 3.69 3.69
Bias EED) 0.79 0.32 0.00 C0.16) 0.30 .19
Rums error iy 0.99 0.65 0.61 =<y 0.65 0.75
Scatter index | Q167 0.16 0.15 0.17 IR 0.16 0.1
Symmetric slope Q.87 ) 1.18 1.07 1.03 QL.o3) 1.07 0.87




VAGS dw
3316
1.68
0.17
(.40
(.22
1.08

Maodel
Mo, of entries
Buoy mean
Bias
Rims error
Seatter index
Symmetric slope

Model WAN sw | WAM MM sw | WAM MM sw | WAM MM sw [[WAM MM sw {] WAM M3 sw | WAM M4 sw
(ch-20 ph) (cb-20 p0) (cb-100 p6) (eb-20 pOus) (eb-20 po) { eb-20 p0)

No. of entries 3316 3316 3316 3316 3316 3316 3316
Buoy mean 1.68 1.68 1.68 1.68 1.68 1.68 1.658
Bias €0.05 ) (.81 0.33 0.05 (0.30) (.26 -0.11
Runs error 033 0.89 0.45 0.33 0.13 0.39 0.31
Scatter index @.20) 0.23 0.19 0.19 0.19) 0.17 0.18
Symmetric slope 0.0 1.43 1.17 1.05 L.Io 1.13 (.92

» thought the Sl is aso smaller for WAM_MM in summer, SWH are overestimated: some
tuning has to be performed.




Conclusions and perspectives

» A new parameterization of the sea drag as well as new formulations of wind
input and dissipation source terms have been implemented in WAM and tested on
a global grid.

> Different configurations of WAM have been investigated, depending on the wind
input and dissipation formulations and the value of some coefficients (but only for
the threshold for negative cb, finally set as in NEDWAM and p finally set as in
Alves and Banner)

» Improvements for predicting high waves for various conditions (dominant wind
sea, dominant swell, mixed) have been found for WAM MM cb-20 p0t6
configuration with in many cases some reduction of bias and rms error of SWH
parameter.

> A refinement of the coefficients for a better balance of the new physical
parameterizations, together with an assessment of the wave periods, spectral
shapes, directional spreads is on going.

»—> we also plan to use altimeter wind/wave data (SWH, Mean wave
period):
JASON-1, ENVISAT



«Since May 2004, these data
have been introduced) into
Meteo-France’s sea-state
forecasting systems.

JASON ground tracks (OSDE)
open ocean, swh < 12.6m & nb_pts_swh > 15 & rms_swh < 1.342m

Feriod, 1901 ol 02 Dec. 2003 - 09011 ule 12 Dec, 2003 513156 obs )




