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recent advances ave made it

possible to redress thi

to describe a novel methodology that adds to standard spectral wave
model output - accurate forecasts of

(i) the spectral density of breaking crest length per unit area and
(ii) the associated breaking strength

We did this initially for the dominant wind waves and have now
extended it across the full spectrum
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Modeling Wave Breaking Spectrally

Radiative tra

The radiative trans
wave height spectrum

ﬁ—kc - VF = Sin + Sni + Sdiss
ot

e evolution of the

9

where

o F=F(k,d) is the directional wave spectrum

* C,Is the group velocity

¢S, =S, +S, +SIs the total source term.

e S, is the atmospheric input spectral source term

e S  is the nonlinear spectral transfer source term representing nonlinear
wave-wave interactions within the spectrum

e S, Is the spectral dissipation rate here taken as due primarily to wave
breaking



Saturat

e based on trea es a low
power of the spe late observed
threshold behavio

Sgs(k,8) =[CL *D*(G - 57 )/G7)™ +Cp * D*Erg ¥k, 1(0/0) 0F(k, 0)
=« 4

‘local Sy’ ‘non-local S’

This formulation uses
e normalized azimuthally-integrated saturation: k* F (k)/@ (k) = (2n)* f ® F(f) / 292

e measured threshold of the normalized spectral saturation (Banner et al., JPO,
2002) with a1=2

e tail exponent a2z = 4 to match dissipation to input behavior in the spectral tail
e nonlocal dissipation rate component

e coefficient D for the local Sds: non-dimensional and linear in the wind speed to
match to the wind input term.

e C1 and C2 constants



Modified Jansen Wind Input

S, (k,0) = e B(k,0) o (ur (k) cosd /c)* *E(k,0)

S. (k,0) =g B(K,0) o U (k) /c)* *E(k,0) cosd

ORI g hereJ;=1.2 (Janssen (1991).

u(k,0) = (u./c)? (gz,/us) exp(J,k/(u.cosb/c)?)

~ 0.01u?
Zy = [J1-Cy(ty, /1)

J




A(c) is the spectral density of it area
I1(c) is the spectral density of the total wave crest length per unit area

The breaking probability P, (c) for wave scales c is defined as:

passage rate of breaking wave crests

passage rate of wave crests

A(c): spectral density of breaking wave crest length per unit
area with velocities in the range (c, c+dc) (Phillips,1985)




The

o(k) = o(k)/ < 0(k) >

where o(K) i

o(k) = kKD (k)

= (2n)*PG(f)/2g2

and <0(k)> is the mean spectral spreading width given by

<0(k)>= j (0-0)F(k,0)kdo / j F(k,0)kdo

where E Is the mean wave direction, and ®(k), G(f) and F(k,0) are,
respectively, the spectra of wave height as a function of scalar wavenumber,
frequency and vector wavenumber.
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Pr, (0) = H(c -0 ) *ay, >x<(CT—GT)

b, (6) =H(c-0,) *C,, *(60,5_6T0_5 1.0
S (c) dc = b(c) g 2c*A(c) dc
A(c) =S¢ (€) *g?/(b(c)* c°)
Betr = deS (c)dc /gzjc5 *h(c) *A(c)dc

B = j S (c)dc /gzj ¢’ *b(c) *A(c)dc

cA(c)dc/ 1'jccr{(c)ok;
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Non-Dimensional Evolution
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Edson et al, 2013. Drag Coefficient Observational Data.
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Edson et al, 2013. Observational Data: Wave Age .vs. U10
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Model Forecast : Drag Coefficient forecast for Fetch
Limited for multiple Wind Speeds 6 m/s to 80 m/s
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Modeled Drag Coefficient: Hurr. Katrina
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Pry (0) = H(o —o;) *a,, *(G—GT)

S (c) dc = b(c) g 2c®A(c) dc

bbr (6) — H(E_ET) *Cbr 3k (605_61_05)

A(c) =S (€) *g°/(b(c)* C’)

cA(c)dc/ 1TCH(c)dc:
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Breaking Probability .vs. Normalized Saturation.
Observed Data; Model Parameterization; from c*A(c) dc
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Model Forecast: Breaking Probability .vs. Wave Age
for multiple wind speeds 6 m/s to 80 m/s.
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Model Forecast: Breaking Strength .vs. Wave Age
For multiple wind speeds 6 ms/ to 80 m/s
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Breaking Dissipation vs Total Dissipation (Sutherland & Melville 2015)
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Breaking Dissipation fraction Total Dissipation (Suth. & Mel. 2015)
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Breaking Dissipation fraction Total Dissipation (Suth. & Mel. 2015)
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Breaking Dissipation as a fraction of Total Dissipation 3 to 60 m/s
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Breaking Dissipation as a fraction of Total Dissipation for Decaying Seas

Breaking Faction of Total Dissipation against Wave Age
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Effective Breaking Strength versus Wave Age (Total Dissipation)

Berr = j S, (c)dc /g° j c®*A(c)dc
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Effective Breaking Strength versus Peak Steepness (Total Dissipation)

Befr = j S, (c)dc /g° j c®*A(c)dc
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Effective Breaking Strength versus Wave Age (Breaking Dissipation)
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Model Fore

For multiple wind speeds 3 to 60 ms.
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ave Age.
observed

A(C) vs C, U10= 7
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Model Forece m/s & 48 m/s.

Breaking strength .vs. Frequency, U10= 12
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of Juan de Fuca: Experimen
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Significant Wave Height versus Fetch
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Integrated Source-term, wind = 16.4175 m/s
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Normalised Saturation
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e our fra
properties
density per u
spectral wave m

spectral
tandard

* it provides accurate predictions for the limited breaking data
available in developing and mature wind seas

« further validation against data will be made as suitable new
data sets become available.

* it has been added to existing spectral wave forecasting
models. Upgrading the form of the DIA is desirable.
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