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1. Introduction

a. Spectral dissipation in numerical models

The real breakthrough in the context of wave modelling came with the
introduction of the wave spectrum concept (Pierson et al., 1955). The subsequent and
very important step was made, among others, by Gelci et al. (1956, 1957) who
introduced the concept of a dynamical equation describing the evolution of the
spectrum. However, due to lack of a sound theoretical basis at that time, Gelci was
restricted to empirical expressions for the net source function governing the wave
spectrum transport rate. After the fundamental theories of Phillips (1957) and Miles
(1957) had been published and the source function for the nonlinear transfer had been
derived (Hasselmann, 1962), it became possible to develop the general expression for
the source function (Hasselmann, 1962). Roughly, this function consists of three
terms: i) the wind input, ii) the nonlinear wave-wave energy transfer and iii) the
dissipation by whitecapping; for the case of shallow water an additional term
corresponding to bottom friction dissipation, is also added. The source function for
deep water may be represented as a superposition of the latter source terms:

S=S8,+8,+S,.(1)

Spectral dissipation is the least well understood part of all physical processes
included in today’s wave models (Cavaleri et al., 2007). The primary source of
spectral wave dissipation is considered to be wave breaking (white-capping), but the
physics of this process do not, in any case, have an established validity for all regions
and conditions.

Currently, there is much research activity within the field of spectral wave
dissipation mainly in connection with the physical aspects of wave breaking through
experimental studies. Recent field observations combined with spectral wave analyses
(among others, Gemmrich and Farmer, 1999; Banner et al., 2000; Babanin et al.,
2001; Banner et al., 2002, Song and Banner, 2004) indicate a ‘threshold-like’
behaviour of breaking probabilities (see for example Banner et al., 2000) related to the
spectral steepness across the wave spectrum, but these results have yet to be
implemented in operational models; the current formulations are often ‘tuning knobs’
even in the simplest cases (Cavaleri ef al., 2007).

The state of the theoretical and experimental knowledge of spectral dissipation
is so uncertain that spectral wave modelling is actually following its own way on that
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matter. To fill the knowledge gap, the spectral dissipation function is actually
estimated as a residual term by the process of tuning the balance of better known
source terms and in order to fit known wave spectrum features (Cavaleri et al., 2007).
One would expect that applications (numerical simulations in wave models) would
follow theoretical and/or experimental findings. In this case, all three areas
(theoretical research, experimental research and modelling) seem to point in different
directions; a discrepancy that does not help towards a unified, universal and sound
expression of spectral wave dissipation.

b. Experimental research

Experimental investigations of the spectral dissipation are, actually, very
recent: Donelan (2001), Phillips et al. (2001), Melville and Matusov (2002), Hwang
and Wang (2004), Babanin and Young (2005), Young and Bababin (2006), Babanin et
al. (2007a,b) are some of the first to deal with the extraction of spectral dissipation
functions on the basis of field measurements.

Of the above the only experimental dissipation functions which cover the
entire spectral frequency band are the ones proposed by Donelan (2001) and by
Young and Babanin (2006); see also Babanin et al. (2007a,b). Both include a common
feature; a cumulative term that relates dissipation due to whitecapping at smaller
scales to features present at larger scales. This “two-phase” (or two-scale) behaviour
was also confirmed by independent means in the works of Babanin and Young (2005)
and Manasseh et al. (2006).

Most of the experimental evidence indicates that the dissipation function is
likely not to be local in wavenumber space and is rather a function of the wave
spectrum (Cavaleri et al., 2007). The most recent findings on formulations of spectral
dissipation come to support the two-fold character of spectral dissipation (i.e. i.
below) threshold behaviour and ii) cumulative effect) and are included in the
companion papers Babanin et al. (2007a,b) which mainly follow the work of Young
and Babanin (2006).

To conclude this section we highlight the following points:

e there is no consensus among analytical theories of the spectral dissipation
of wave energy due to wave breaking, even with respect to the basic
characteristics of the dissipation function,

o the theoretical dissipation functions disagree with the experiments,

e contrary to the theory of dissipation, recent experimental advances in
wave dissipation studies have brought much more certainty on the
behaviour of S,

e approximately over the past decade many physical features of the
dissipation process were discovered experimentally and described; among
them:

i. the threshold behaviour of wave breaking (Banner et al., 2000;

Babanin ef al., 2001; Banner ef al., 2002)

ii. the cumulative effect of wave dissipation at smaller scales (Donelan,
2001; Babanin and Young, 2005; Young and Babanin, 2006),

iii. the quasi-singular behavior of the dissipation in the middle
wavelength range (Hwang and Wang, 2004),

iv. the two-phase behavior of the dissipation (Babanin and Young, 2005;
Manasseh et al., 2006), and

v. the alteration of wave breaking/dissipation at strong wind forcing
(Babanin and Young, 2005).



c. Motivation

Taking into consideration what is mentioned in the previous sub-section, and
based on the results of Kalantzi et al., 2009, where the two of the input/dissipation
source term packages of WAVEWATCH III v. 2.22 (Tolman, 2002) were tested for
specific wind/wave conditions in the North Indian Ocean, we felt that we needed to
further investigate the spectral behavior of these dissipation terms under controlled
simple test cases. In that work, we compared wave model parameters such as H with

altimeter measurements and we found great discrepancies for a period during which
the area of North Indian Ocean is mostly dominated by swell seas.

Moreover, since the majority of modeled dissipation terms are parameterized
as “tuning knobs” to simply close the wave energy balance, we aimed to test a
completely independent source term in the model; a dissipation term based on no
previous attempt of model tuning. For that reason we choose the new dissipation term
of Babanin et al. (2007), which is the result of a field experimental study. The
experiment took place at Lake George in Australia and allowed simultaneous
measurements of the source functions in a broad range of conditions, including
extreme wind-wave conditions (see Section 4).

2. Paper Outline

In the next section the source term packages included in WAVEWATCH
™ v. 3.14, are described in detail. In Section 4, the newly implemented in
WAVEWATCH III by the authors, dissipation source term of Babanin et al. (2007)
(from now on BAB), is presented. Section 5 includes the methodology and the
results, while Sections 6 and 7 include the discussion on the results and some
concluding results, respectively.

3. WAVEWATCH III™v. 3.14 — Wind input/Dissipation
schemes

WAVEWATCH ™ v, 3.14 (from now on WWATCH III; Tolman, 2009) is
a full-spectral third generation wind-wave model. It has been developed at the Marine
Modeling and Analysis Branch (MMAB) of the Environmental Modeling Center
(EMC) of the National Centers for Environmental Prediction (NCEP) and is
distributed freely from NCEP’s webpage (http://polar.ncep.noaa.gov/waves). The
model’s code is modular and is operated by switches which allow the user to choose
specific model options for each run. In WWATCH III the input and dissipation source
terms are treated as a package (share the same switch) and the model provides three
options (switches; for further details on the source terms see next section):
e The input/dissipation source terms of WAM cycles 1 through 3 (from
now on WAM3),
e The source term package of Tolman & Chalikov (1996; from now on
TC96)




e The source term package of WAM Cycle 4 which includes
parameterizations of Bidlot e al. (2005; from now on BAJ) and Ardhuin
et al. (2009; from now on ACC405).

The following review of the terms, is primarily based on the most recent manual of
the model; i.e Tolman, (2009).

a. The WAM3 dissipation source term

The input and dissipation source terms of WAM cycles 1-3 are based on
Snyder et al. (1981) and Komen ef al. (1984); see also WAMDIG, (1988). The
dissipation source term is this case is given as

N2
S, (k,0)= cdﬂ—] N(k.0), ()

Apy
where C, is a constant, o the radian frequency, k is the wavenumber, ais the wave
steepness, d,,, is the value of a for a Pierson Moskowitz ( PM ) spectrum, g is the

gravitational acceleration, and N (k, 9) is the parametric tail of the action spectrum.

b. TC96 source term package

The source term package of Tolman and Chalikov (1996) consists of the input
source term of Chalikov and Belevich (1993) and Chalikov (1995), and two
dissipation constituents. The (dominant) low-frequency constituent is based on an
analogy with energy dissipation due to turbulence

i (6:0) =20k gN (K,6), ()

where /4 is a mixing scale determined from the high-frequency energy content of the
wave field and ¢ is an empirical function accounting for the development stage of the

wave field. The empirical high-frequency dissipation is defined as
2
U
Sdis,h (k’ 9) = _aO (Ej fsafN(k’ 0) > (4)

where o, is Phillips’ non-dimensional high-frequency energy level normalized by
o, , and where a, through a, and g, are empirical constants. N (k, 9) is the

parametric tail of the action spectrum. u, and f are the wind friction velocity and

frequency, respectively.

It should be noted that in the model eq. (4) is solved by assuming a deep water
dispersion relation. The two constituents of the dissipation source term are combined
using a simple linear combination, defined by the frequencies f, and f,:

Sdis (kae) = ASdis,l +(1- A)Sdis,h , (5)
1 for f<f

A= jf;:]]}z for f<f<f,. (6)

0 for f,<f

c. WAM4 source term package and variants
These wind-wave interaction source terms are based on the wave growth
theory of Miles (1957), modified by Janssen (1982). The pressure-slope correlations



that give rise to part of the wave generation are parameterized following Janssen
(1991). A wave dissipation term due to shear stresses variations in phase with the
orbital velocity is added for the swell part of the spectrum, based on the swell decay
observations of Ardhuin et al. (2009).

This parameterization was further extended by Abdalla and Bidlot (2002) to take into
consideration a stronger gustiness in unstable atmospheric conditions. Efforts have
been made to make the present implementation as close as possible to the one in the
ECWAM model (Bidlot ef al., 2005).

Due to the increase in high frequency input compared to WAMS3, the
dissipation function was adapted by Janssen (1994) from the WAM3 dissipation, and
later reshaped by Bidlot et al. (2005). The generic form of the WAM4 dissipation
term is,

2
S, (k’e)WAM _ Cdsa_252 |:51 %+52 (%j :lN(k, 6’) ,(7)

where C, is a non-dimensional constant and o, and o, are weight parameters, p a
constant power, o the radian frequency, k£ the wavenumber, a the steepness and
N (k,0) the parametric tail of the action spectrum.

The evidence of a threshold behavior of the wave breaking process, the
underestimation of swell dissipation (Tolman, 2002f), the very strong dissipation at
high frequency given by eq. (19), and the known deficiencies of WAM4 and BAJ
source terms in the presence of swell (see e.g. Ardhuin et al., 2009) has lead to several
new parameterizations. The source term code was thus generalized to allow the use of
WAMA4, BAJ or other parameterizations (such as ACC405; see Ardhuin et al., 2009),
via changing the relevant parameters. Hence, the general form of the dissipation
source terms computed, takes the form of a combination of a WAM4-type term and a
saturation-based term

1-S

_QsAT TURB WAM 4
S, =87 +8, +CZ,.TSdS +Chf

1+
_SZAM4 . (8)
The switch coefficients C,, and C,, allow the switching on and off of either

the low (unsaturated) and/or high (saturated) part of the WAM4 dissipation term All
relevant source term parameters can be set via the appropriate parameter lists within
the model (see Tolman, 2009). The saturation term is given as

pl'df
B(k
Sﬁ?TV(k,é))::CT(j;?T (lkﬁ‘:n1ax‘{}§:};%%%35"lip()}}
9)

+(1—Cds’6){max{%—Bo,OH N(k,0)

where B is the integrated saturation spectrum, defined as
2
B(k)= [ ok’ 4(k,0)d6 (10)
0

and B' is the partially integrated saturation spectrum, defined as
G+A0

B(k)= [ ok’A(k,0)d0", (11)

0-AO



Where 6 is the direction and A(k,6) the saturation spectrum.

Finally, the wave-turbulence interaction term of Texeira and Belcher (2002)
and Ardhuin and Jenkins (2006), is given by

2
ST (k,0) =-2C,,, 0 cos (6, - 0) k22 N (k,0). (12)

The coefficient C,, is of the order of 1 and can be used to adjust for ocean

turb

stratification and wave groupiness. In the last expression g is the gravitational
acceleration, p, and p, the air and water density, respectively, u. the wind friction

velocity and N (k, 9) the parametric tail of the action spectrum.

4. Babanin et al. (2007) dissipation source term

Within this work we managed to modify and compile the source code of
WAVEWATCH™ 1II, v. 3.14 to implement Babanin es al. (2007) new and
experimental dissipation term. This term is paired with Tolman and Chalikov’s (1996)
wind input term.
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FIGURE 1. Dependence of coefficients a, =a (top, blue line) and a, = b (bottom, red
line) on the wave development stage U, / C, (Babanin ez al., 2007)

Babanin et al. (2007a) conducted a field experimental study of wave energy
dissipation. The experiment took place at Lake George in Australia and allowed
simultaneous measurements of the source functions in a broad range of conditions,
including extreme wind-wave circumstances. For the first time, they managed to
measure directly the spectral dissipation and they derived frequency distributions both
for the wave breaking probability and the breaking severity. Through their experiment
they demonstrated that the breaking of waves at a particular frequency causes energy
damping in a broad spectral band above that frequency and thus causes a cumulative



dissipative effect for waves of smaller scales. At the small scales (high frequencies),
this cumulative dissipation appears to dominate compared to inherent wave-breaking
dissipation. Moreover, Babanin et al. (2007a) found that at moderate winds the
dissipation is fully determined by the wave spectrum whereas at strong winds it is also
a function of the wind speed. This result indicates that at extreme wind-forcing
conditions a significant part of the extra energy flux is dissipated locally rather than
being available for enhancing the wave growth.

The dissipation function of Babanin er al. (2007a,b) follows the function
proposed in Babanin and Young (2005) and Young and Babanin (2006) and is of the
following form:

S, (f)=-ap.gf[(F(f)-F, (1) A(f)]

—azpng [(F(q)-F, (q))4(q)] dg

where p, is the water density, g is the gravitational constant, A( f ) is the integral

(13)

characteristic of the inverse directional spectral width (Babanin and Soloviev, 1998a):
1 .
A(f) = [K(f. 9}, (14)

where ¢ is the wave direction, K ( f ,¢) is the normalized directional spectrum:

K(f\f)=1,(15)
a, are experimental constants yet to be comprehensively estimated and F;, ( f ) is the

spectral threshold function.

Essentially, a, and a, determine the spectral level of the wave dissipation
source term; a, controls the ‘inherent’ wave breaking term and a, the ‘induced’
dissipation term. The two phase behaviour of this dissipation function represented by
these two terms (eq. 13) creates an additional complexity in determining the correct
levels of the dissipation wave energy; i.e. in determining the relative contribution of
each of those terms. To estimate these coefficients for their specific experimental
data, Babanin et al. (2007) used a balance of the wind input and dissipation below the
spectral peak in a broad range of wave development stages of U, / C,=0.8-5.7,
where U, is the wind speed at 10 m height and C, is the phase speed of the spectral-
peak waves (see Fig. 1). They clearly note, however, that this issue has to be
extensively revisited, especially since this estimation is mostly based on the wind
input and hence g, and a, are most probably sensitive to the choice of the wind input
source term to be paired with he dissipation one within the model.

Moreover, in their study a linear dissipation n=1 was employed which is
consistent dimensionally, agrees with measurements by Young and Babanin (2006)
and seems the best suitable for satisfying the physical constraints in the numerical
simulations.

The most significant uncertainty in the dissipation function (eq. 13) is the

unknown threshold spectrum £, (/). Babanin and Young (2005) investigated this
threshold in dimensionless terms; that is in terms of the saturation spectrum a( f )

normalized by the directional spectrum parameter in eq. (14):

G(f) = O pitlips (f)A(f)’ (16)



where ... (f) is as introduced in Phillips (1984):

)_ (27[)42];52F(f) 1

(proposed in Babanin et

O phillips (f =

If a universal dimensionless saturation-threshold value o,

al., 2007 as /o, =const=0.035) can be established, the dimensional threshold can

then be obtained at every frequency as:

2
- 28% (3
(27) A(/) f?

In order to implement the expression of eq. (13) in WWATCH III, we had to
convert this frequency dependent dissipation spectrum into a wavenumber-direction
spectrum. Hence, the corresponding expression that we used in the model is of the
following form:

5. (k.0)=—| ap g [(F (1)~ F, (1) AC)]

thr

—azpng[(F (9)=Fu(a) Al0)] da | =257

5. Results

a. The approach

We aim to investigate the behaviour of WWATCH III and specifically of its
different wind input/dissipation schemes in simple and controlled point test cases,
along with the newly implemented by the authors, dissipation source term of Babanin
et al. (2007).

As mentioned in Section 3, the new version of the model includes three
options of wind input/dissipation source term packages:

e The input/dissipation source terms of WAM cycles 1 through 3 (WAM3).

e The source term package of Tolman & Chalikov (1996) (TC96).

e The source term package of WAM cycle 4. Due to the increase in high
frequency input compared to WAM3, the dissipation function was adapted
by Janssen (1994) and later reshaped by Bidlot er al. (2005) (BAJ).
Moreover, the latest evidence of a threshold behaviour of the wave
breaking process, the very strong dissipation at high frequency and the
deficiencies of WAM cycle 4 and BAJ source terms in the presence of
swell has led to attempts of new parameterisations. One of them is under
development by Ardhuin F. and his team and is included in these tests
(ACCA405, see Ardhuin et al., 2009)

Each term was tested in simple test runs at one grid point with idealised wind
and wave forcing for each run; i.e., wind speed of: 10 m/sec, and wave height of the
initial field of: 0 and 3 m. The initial field type was Gaussian in frequency and space,
and cosine type in direction, while the runs were set up for 30 frequencies from
0.0412 to 0.6530, and 36 directions. The initial wave field’s direction was set to 90°
and the wind’s direction to 270°. The time of the model runs was 96 hours so the
wave field can be considered as fully developed.



For each run and each dissipation term, we examined the one-dimensional
dissipation spectrum and we plot the results for a specific combination of initial wave
field and wind speed (e.g. 0 m initial wave field and 10 m/sec wind speed), with
respect to frequency or f / f, - Also we present the evolution of the one-dimensional

dissipation spectrum for BAB, from zero time up to 96 hours, again for the two
combinations of initial wave field and wind speed.

It has to be noted that this preliminary work does not aim to tune the new
BAB source term in the model. It is a simple test, which provides information via
comparison, on the existing WWATCH III dissipation terms along with a new and
experimental one.

For reference, we chose all the parameters to be as suggested in Babanin et al.

(2007), except for the values of a, and a,;i.e n=1 and /o, =0.035. The choice of

these values for the present work was based solely on the scale comparison with the
one-dimensional dissipation spectrum of the rest of the terms; namely ACC405, BAJ,
WAM3 and TC96 (for abbreviation see Section 2 and 3). The values that we chose

here are @, =107 and a, =107". Bearing in mind that the wave development stage of
our test cases is approximately U, / C, ~1, the latter values of @, and a,, do not seem

to agree with Fig. 1. However, let’s recall that these coefficients in Fig. 1 were
estimated for a specific experimental dataset and a specific wind input (balanced with
the dissipation below the spectral peak); hence the use of a different wind input term
herein (BAB term is paired with the corresponding wind input term of TC96), as well
as the simulated model cases that we use, might be the source of this difference. In
any case it is clear that these matters need further investigation.

b. Plots
In this subsection the plots of the results we acquired, are presented.
Detailed comments on these results follow in the next Section.

Fig. 2 and 3 present the one-dimensional dissipation spectra of all the source
terms examined herein (namely, ACC405, BAJ, WAM3, TC96 and BAB), for initial
condition combinations of 0 m initial wave field — 10 m/sec wind speed and 3 m
initial wave field — 10 m/sec wind speed, respectively. For both cases the spectra are
plotted against frequency and refer to the 96™ hour of the associated runs. Fig. 4 and 5
present exactly the same results as Fig. 2 and 3 only this time dissipation spectra are
plotted against f / S, - Fig. 6 presents the one-dimensional dissipation spectra of the

source terms for the case of 3 m initial wave field — 10 m/sec wind speed and refers to
the 48™ hour of the associated model runs.

Finally, Fig. 7 and 8 present the time evolution of the one-dimensional
dissipation spectra acquired with BAB source term, for initial condition combinations
of 0 m initial wave field — 10 m/sec wind speed and 3 m initial wave field — 10 m/sec
wind speed, respectively. In both cases the dissipation spectra are plotted against
frequency and they refer to zero up to the 96™ hour of the associated models runs. It
should be noted that in these plots time evolves from low to high line density; roughly
from high to lower frequencies.
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FIGURE 2. One-dimensional dissipation spectra for the source terms examined,
plotted against frequency, at 96 hours. The plot corresponds to 0 m initial wave field
and 10 m/sec wind speed.
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FIGURE 3. One-dimensional dissipation spectra for the source terms examined,
plotted against frequency, at 96 hours. The plot corresponds to 3 m initial wave field
and 10 m/sec wind speed.
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FIGURE 4. One-dimensional dissipation spectra for the source terms examined plotted
against f / S, » at 96 hours. The plot corresponds to 0 m initial wave field and 10 m/sec

wind speed.
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FIGURE 5. One-dimensional dissipation spectra for the source terms examined plotted
against f / S, » at 96 hours. The plot corresponds to 3 m initial wave field and 10 m/sec

wind speed.

11



48 hours
3m initial wave field
x107° 10misec wind speed
T T

ACCA05
—e—BAJ
—o— WakM3
—o— TC36

—o— a1=0.00001
a2=0.0000001
T

1z i I 1 i i
o 0 0.z 0.3 0.4 0.5 0.6 0.7
frequency (Hz)

FIGURE 6. One-dimensional dissipation spectra of the source terms examined plotted
against frequency, 48 hours. The plot corresponds to 3 m initial wave field and 10
m/sec wind speed
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FIGURE 7. Evolution of the one-dimensional dissipation spectra of BAB term from
zero time to 96 hours. The spectra are plotted against frequency and the time evolution
progresses from the lower to the higher line density. The plot corresponds to 0 m initial
wave field and 10 m/sec wind speed.
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FIGURE 8. Evolution of the one-dimensional dissipation spectra of BAB term from
zero time to 96 hours. The spectra are plotted against frequency and the time evolution
progresses from the lower to the higher line density. The plot corresponds to 3 m initial
wave field and 10 m/sec wind speed.

6. Discussion

From Fig. 2 it can be easily seen that all five source terms produce quite
different dissipation spectral shapes. In this case the initial wave field was set to zero,
so the results correspond only to wind sea. Most of the terms have their dissipation
peak at different frequencies. Specifically, the peak dissipation of BAB is at ~0.12 Hz,
BAJ at ~0.13 Hz, WAM3 at ~0.15 Hz, and both ACC405 and TC96 at ~0.27 Hz. If
we combine these results with Fig. 4, where exactly the same spectra are presented
only plotted against f / S, » we can see that not all terms give their highest dissipation

at the peak frequency. BAB, BAJ and WAM3 do give their dissipation peak at f,,
while ACC405 and TC96 give their dissipation peak at ~2 f,. Shape-wise BAB and
BAJ share similar dissipation behaviors; they both peak at f,, although BAJ gives

higher dissipation towards the high frequency tail (difference of the order of 2x107 to
1x10° towards higher frequencies). The shapes of ACC405 and TC96 dissipation

spectra are also similar, giving comparable dissipation values near f,  and up to
~1.8f, (~0.12 Hz); going to higher frequencies ACC405 gives higher dissipation than
TC96 until ~3.2f, (~0.43 Hz), after which TC96 produces more dissipation at the

high frequency tail (difference of the order of 1x107). WAM3 presents a very
different shape to all the other terms, giving very high dissipation near f, (difference
of the order of 4x10° from BAB and BAJ, and of the order of 7x10° from ACC405
and TC96) and decreasing rapidly towards higher frequencies.

Moving on to Fig. 3 and 5, where the dissipation spectra are plotted against
frequency and f / S, » respectively, for the case of 3 m initial wave field and 10 m/sec

wind speed at 96 hours, it can be seen that the shapes are similar to the previous case
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(0 m initial wave field — 10 m/sec wind speed) except for the dissipation “lobe”
present at frequencies lower than f,. The latter obviously corresponds to the effect of

the initial wave field (swell). An exception to all other terms is ACC405, which does
not give any dissipation below f , but enhances by ~1x107 its dissipation peak at

~2f, (~0.27 Hz). All other terms keep their dissipation peak almost intact.

Fig. 6 presents similar results as in Fig. 3, only this time at 48 hours. This was
done to demonstrate the time evolution effect on the swell dissipation of the terms
examined. In this case, the dissipation “lobes” below the peak frequency are larger
and the sequence of higher to lower dissipation at this frequency region is: WAM3,
BAJ, BAB, TC96 and ACC405 which gives almost zero dissipation. Again this time
ACC405 produces an enhanced dissipation at ~2 f (~0.3 Hz).

Lastly, Fig. 7 and 8 demonstrate the time evolution of the BAB dissipation
spectra from zero time to 96 hours, for the cases of 0 m initial wave field — 10 m/sec
wind speed and 3 m initial wave field — 10 m/sec wind speed, respectively. The time
evolution for both plots progresses from low to higher line density; roughly from high
to lower frequencies. The interesting feature of these plots is the effect of the initial
wave field (swell) which creates the decreasing over time dissipation “lobe” below the
peak frequency (see Fig. 8). However, this effect leaves almost intact the dissipation
spectral shapes and magnitudes for frequencies higher than 1.

7. Conclusion

In this work we aimed to compare the dissipation spectra of five dissipation
terms implemented in WAVEWATCH III™ v.3.14 (Tolman, 2009); four of them
were already included in this version of the model, while we implemented the fifth
one, namely Babanin et al. (2007). These comparisons were made for simple test
model runs under idealized initial conditions; 0 m initial wave field — 10 m/sec wind
speed and 3 m initial wave field — 10 m/sec wind speed. The dissipation spectra that
were compared corresponded to the 48™ and the 96™ hour of the model runs. Apart
from the dissipation spectral comparisons from different terms, we examined the time
evolution from zero to the 96™ hour of BAB’s dissipation spectra.

A first remark would be that despite the luck of any previous tuning, Babanin
et al. (2007) dissipation term gave quite comparable results to all other extensively
tuned in the model, terms. However, the choice of the coefficients a, and a, of

BAB’s expression in eq. (13) was done quite empirically in this work and this is a
matter that needs to be addressed after further investigation. All other coefficients of
eq. (13) were set to the values proposed in Babanin et al. (2007).

From the dissipation spectral comparisons it seems that BAB presents similar
shape to BAJ, although producing less dissipation for frequencies higher than the peak
frequency. Different from those two but quite similar to each other are the shapes of
the dissipation spectra of ACC405 and TC96. WAM3 produced dissipation spectral
shapes that were very different from all other terms. Another interesting feature is that
both ACC405 and TC96 give their dissipation peak not at f , where all the other

terms do, butat~27 .
All terms produced a dissipation “lobe” at frequencies lower than f,, when

the initial wave field was set to 3 m (presence of swell). The only exception to the
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latter is ACC405 which instead of this “lobe” presented an enhanced by 1x107
dissipation peak at ~2 f, when swell is present (initial wave field of 3 m).

Finally the time evolution plots of BAB dissipation spectra reveals that the
presence of the initial wave field (3 m) affects neither the shape nor the magnitude of
the dissipation spectra above the peak frequency. However, it does produce a
decreasing over time dissipation “lobe” at frequencies lower than f .
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